Subtyping aggression and predicting cognitive behavioral treatment response in adolescents. What works for whom? by Smeets, K.C.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/169263
 
 
 
Please be advised that this information was generated on 2017-12-07 and may be subject to
change.
SUBTYPING
AGGRESSION 
AND PREDICTING 
COGNITIVE
BEHAVIORAL 
TREATMENT 
RESPONSE IN 
ADOLESCENTS
WHAT WORKS FOR 
WHOM?
 Kirsten Carlien Smeets
ISBN 978-94-6284-102-4 267
Subtyping aggression and predicting cognitive behavioral treatm
ent response in adolescents
K
irsten C
arlien S
m
eets
Subtyping aggression and predicting 
cognitive behavioral treatment 
response in adolescents
What works for whom?
Kirsten Carlien Smeets
colofon
© Kirsten Smeets, 2017
ISBN: 978-94-6284-102-4
Layout and cover design: proefschrift-aio.nl
This work was primarily supported by grants of the National Initiative Brain & Cognition 
(NIBC; 056-24-011 & 056-24-014). There was further support  by the European Union 7th Framework 
programs AGGRESSOTYPE (602805) and MATRICS (603016) and by Karakter Child and Adolescent 
Psychiatry University Center.
Subtyping aggression and predicting cognitive behavioral 
treatment response in adolescents
What works for whom?
Proefschrift
ter verkrijging van de graad van doctor 
aan de Radboud Universiteit Nijmegen
op gezag van de rector magnificus prof. dr. J.H.J.M. van Krieken, 
volgens besluit van het college van decanen 
in het openbaar te verdedigen op maandag 15 mei 2017 
om 14.30 uur precies
door
Kirsten Carlien Smeets
geboren op 8 januari 1987
te Valkenburg aan de Geul
Promotoren:  Prof. dr. Jan K. Buitelaar
    Prof. dr. Robbert-Jan Verkes
Copromotoren:  Dr. Nanda N.J. Rommelse
    Dr. Floor E. Scheepers (UMC Utrecht)
Manuscriptcommissie: Prof. dr. Ron H.J. Scholte (voorzitter)
    Prof. dr. Jan J.L. Derksen
    Prof. dr. Walter Matthys (UMC Utrecht)


Table of Contents
Chapter 1  General introduction, aims and outline of  
the thesis 
Chapter 2 Treatment moderators of Cognitive Behavior 
Therapy to reduce aggressive behavior:  
a meta-analysis
Chapter 3  Are proactive and reactive aggression meaningful 
distinctions in adolescents? A variable- and 
person-based approach
Chapter 4 The role of self-serving cognitive distortions in 
reactive and proactive aggression 
Chapter 5 Is Aggression Replacement Training equally 
effective in reducing reactive and proactive forms 
of aggression and callous-unemotional traits in 
adolescents?
Chapter 6 Neurocognitive predictors of treatment  
response to Aggression Replacement Therapy 
in adolescents
Chapter 7 Summary
Chapter 8  General Discussion 
Appendices Nederlandse samenvatting 
Curriculum Vitae 
List of publications 
Dankwoord
9
31
55
89
105
129
149
157
176
182
183
184
8
9Chapter 1
General Introduction
10
Aggressive behavior serves a long history as it is part of human nature. Being aggressive 
was essential for our ancestors to survive, i.e. by defending themselves while hunting 
or protecting their offspring. During evolution human beings civilized and learned to 
control their anger more and more whereby physical aggression became less functional. 
Every human being experiences anger or aggressive behavior in life, since it is one of our 
primal emotions. However, using aggressive behavior in an uncontrolled way can also 
lead to negative effects, like social exclusion or fatal outcomes (Tremblay, 2010). In our 
civilized 21-st century, using brute physical aggression is no longer necessary to survive, 
but unfortunately excessive and/or inappropriate and harmful aggressive behavior is still 
very common. Aggression is an important part of our development as human being, being 
more present in early-childhood and with a peak during adolescences (Tremblay, 2010). 
When growing older, most children learn adaptive strategies to control their aggressive 
behavior and socialize with their environment. However, some children fail to learn these 
adaptive strategies and continue using aggressive behavior frequently, with disruptive and 
oppositional behavior as a consequence (Buitelaar et al., 2013). 
 Aggressive behavior can be defined as behavior that is, intentionally, directed at a 
human, animal or object and causes harm or damage (Gannon, Ward, Beech, & Fisher, 
2007). It can be expressed in various ways i.e.: physical vs verbal aggression; overt vs 
covert aggression; destructive vs non-destructive; aggression against properties; relational 
aggression (like bullying); or impulsive vs premeditated aggression. Also, it is shown 
that different subtypes have different developmental trajectories, for example the onset 
of overt aggression (i.e. physical aggression) starts before covert aggression (i.e.in the 
context of theft) since this requires more brain maturation (Tremblay, 2010). This shows 
that aggression is a multifaceted and a very complex phenomenon. 
 One of the reasons that aggression often demands immediate attention, regardless the 
subtype,  is that it causes both physical and psychological harm, like damage to objects, 
victims, contact with police or justice, family problems and community costs (Buitelaar et 
al., 2013; Fossum, Handegård, Martinussen, & Mørch, 2008; Romeo, Knapp, & Scott, 2006). 
Furthermore, aggressive behavior is one of the most frequent reasons for clinical referral 
in adolescents (Armbruster, Sukhodolsky, & Michalsen, 2004; Rutter et al., 2010). Also, 
aggression in childhood or adolescence often persists in severe aggression in adulthood 
(Frick & Viding, 2009; Monahan, Steinberg, & Cauffman, 2009). Previous research shows 
that 5–10% of all children with antisocial behavior problems continue to present with 
serious problems in adulthood, and 50–60% of the crimes in youth are committed by 
this persistent group. Also, previous research shows that 86% of the children diagnosed 
as conduct disordered at age seven, were still exhibiting these behaviors at 15 years old 
(Armelius & Andreassen, 2007; Moffitt, 1993a). Therefore, it is a fundamental concern that 
effective interventions are available to prevent future maladaptive aggressive behavior. 
One intervention that has shown promising results is Cognitive Behavior Therapy (CBT). 
CBT to reduce aggression problems focuses on cognitive misinterpretations, awareness 
of feelings and increased behavioral control within individuals with aggression problems. 
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1Medium effect sizes have been found, showing that CBT is effective in most of the individuals. However, a minority of individuals with aggression problems need additional 
or other interventions to reduce there aggression problems. Furthermore, there is a lack 
of information regarding possible moderators that could influence treatment response 
(i.e. gender, age, subtype of aggression) (Fossum et al., 2008; Sukhodolsky, Kassinove, & 
Gorman, 2004). Since it is known that aggression is a complex and very heterogeneous 
phenomenon, and is manifested in different subtypes, this thesis will focus on specific 
moderators of treatment success (i.e. subtypes of aggression, demographic factors and 
neurocognitive predictors) of CBT for adolescents with maladaptive aggression, in order to 
answer our main research question: what works for adolescents with aggression problems 
and especially for whom? More specific knowledge of the characteristics of participants 
that respond to interventions could help clinicians identify the best treatment of aggression 
for individual patients and prevent damage, harm and suffering.
Clinical manifestations of aggressive behavior
The disposition to behave aggressively is a heterogeneous trait in terms of including various 
subtypes of aggression, complex etiology and wide ranging symptomatology (Vitiello & Stoff, 
1997). Externalizing behavior problems, like aggressive behavior, are often conceptualized 
as categorical or dimensional constructs (Walton, Ormel, & Krueger, 2011). The widely used 
Diagnostic and Statistical Manual of Mental Disorders (DSM) takes a categorical approach 
to disorders, distinguishing between the presence or absence of pathology. A dimensional 
approach focuses on the degree to which individuals manifest particular kinds of problems 
(i.e. using Child Behavior Checklist) (Achenbach et al., 2008; Hudziak, Achenbach, Althoff, 
& Pine, 2007). These two approaches to classify aggressive behavior are further described 
below. 
Categorical approach to classify aggression
Aggression is one of the core characteristics of children and adolescents meeting criteria 
for ‘disruptive behavior disorder’ (DBD), consisting of ‘oppositional defiant disorder’ (ODD) 
and ‘conduct disorder’ (CD) (Sukhodolsky, Smith, McCauley, Ibrahim, & Piasecka, 2016; 
Tremblay, 2010). Box 1 illustrates the symptom presentation of ODD and CD as described in 
the DSM-5. It should be noted that aggressive behavior can be very fierce, but not always 
being expressed in an overt way and often differs in frequency or within context. Using a 
categorical approach (being present or not) could result in false negatives or false positives. 
In many cases, symptoms may fluctuate over time and vary according to circumstances. Thus 
missing one single symptom could make all of the difference between having a psychiatric 
condition yes or not. On the other side, there may be substantial difference between an 
individual who just meets the diagnostic threshold and another individual who presents 
all symptoms to a severe degree. Nonetheless, in the categorical system, both would 
receive the same diagnosis. To determine an individualized approach to cope with behavior 
problems, regardless of having a diagnosis or not, a more sensitive and specific method is 
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needed, like a dimensional approach (see below).  Therefore, it has been advised to use a 
dimensional approach in addition to the DSM-5 CD diagnosis, since differences in degrees 
were not taken into account, as well as gender and developmental differences, different 
informants and quantitative differences (Hudziak et al., 2007). A further explanation of the 
dimensional model is described below. The following example shows why a dimensional 
approach was added to the categorical approach regarding CD in the DSM-5: two children 
both diagnosed with CD could express totally different behavior, the one meeting three of 
the 15 symptoms and being diagnosed with CD while the other would meet 15 of the 15 
symptoms, also being diagnosed with CD. Furthermore, being a boy or girl and the onset 
of problems (before the age of 10 or later) could also have influenced the degree to which 
the symptoms were expressed and experienced by the child and his/her environment. 
Therefore, the DSM-5 diagnosis of conduct disorder currently differentiates in severity, 
type of onset and different informants (see Box 1). Furthermore, callous-unemotional traits 
(CU-traits) have been added as a specifier of Conduct Disorder in the DSM-5. CU-traits are 
defined by a lack of guilt, lack of empathy and uncaring behavior (see Box 1). CU traits in 
children with conduct problems have been reported to imply increased levels of aggressive 
behaviors, a worse prognosis, and treatment refractoriness (Herpers, Klip, Rommelse, 
Greven, & Buitelaar, 2015). 
Dimensional approach to classify aggression
Besides the widely used categorical model, more and more interest is shown in the 
dimensional model to classify psychopathology. A dimensional approach uses the level of 
severity on an underlying continuum of i.e. externalizing behavior (quantitative range from 
normal to abnormal), rather than qualitative distinctions at symptom level (Walton et al., 
2011). A new strategic system of the National Institute of Mental Health (NIMH), known as 
the Research Domain Criteria (RDoC; http://www.nimh.nih.gov/research-priorities/rdoc/
nimh-research-domain-criteria-rdoc.shtml) emphasizes this dimensional approach. RDoC 
hopes to create a framework that interfaces directly with genomics, neuroscience and 
behavioral science in order to further explore etiology and suggesting new treatments. 
It will broaden the categorical approach by spanning the range from normal to abnormal.
 Externalizing behaviors as aggression can also be conceptualized using a dimensional 
approach (Walton et al., 2011). Distinctions between various dimensions, i.e. subtypes 
of aggression are often made, for example proactive and reactive aggression. Reactive 
aggression refers to an emotionally charged response to threats, provocations or 
frustrations and is also known as “impulsive”, “hot blooded” or “affective” aggression 
(Dodge & Coie, 1987; Kockler, Stanford, Nelson, Meloy, & Sanford, 2006b; Stanford et al., 
2003b). Proactive aggression refers to a conscious and planned act, used for personal gain 
or egocentric motives, also known as “premeditated”, “instrumental” or “cold-blooded” 
aggression (Blair, Peschardt, Budhani, Mitchell, & Pine, 2006a; Blair, 2001; Dodge & Coie, 
1987; Frick & Ellis, 1999). However, there is still a debate in the literature whether proactive 
and reactive aggression can be distinguished as separate constructs or as highly overlapping 
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1constructs and what the clinical relevance of the constructs is (Barker et al., 2010; Kempes, Matthys, Vries, & Engeland, 2005; Pang, Ang, Kom, Tan, & Chiang, 2013; Polman, Orobio de 
Castro, Koops, Boxtel van, & Merk, 2007). On the one hand, subtypes of aggression have 
been related to distinct behavioral, neurocognitive and treatment profiles (Card & Little, 
2006; Polman et al., 2007). For example, reactive aggression has been associated with 
attention problems, anxiety problems, peer rejection, hostile attribution bias, emotional 
dysregulation, deficits in problem solving, low verbal intelligence, and often appears earlier 
in life than proactive aggression. In contrast, proactive aggression has been related to 
delinquent behaviour, lower levels of victimization, positive outcome expectancies, higher 
self-efficacy about aggression and CU-traits (Blair, 2013; Cima & Raine, 2009; Dodge & Coie, 
1987; Merk, Orobio de Castro, Koops, & Matthys, 2007; Vitaro, Brendgen, & Barker, 2006). 
Moreover, different neural mechanisms have been suggested to underlie reactive and 
proactive aggression. Reactive aggression has been linked to hypofunction of in particular 
the orbitofrontal and anterior cingulate cortex, and increased responsiveness of the 
amygdala to distress, whereas proactive aggression has been associated with dysfunction of 
the ventromedial prefrontal cortex and the striatum, and decreased responsiveness of the 
amygdala to distress (Blair et al., 2006a; Blair, 2013). Also, differences in treatment effect 
have been described between proactive and reactive aggression (Buitelaar et al., 2013). 
Social skills training to learn prosocial behavior seems to be more effective in proactive 
aggression, anger control (CBT) in reactive aggression, and multimodal treatment combined 
with emotion recognition in case of high CU-traits. Furthermore, adolescents with proactive 
aggression and CU-traits seems to have poorer treatment effects than adolescents with 
reactive aggression, showing the need for individualized treatment programs (Bennett & 
Gibbons, 2000; Masi et al., 2011; McAdams III., 2002; Wilkinson, Waller, & Viding, 2015). 
In contrast, other data challenge the assertion that proactive and reactive aggression can 
be regarded as distinct constructs. Systematic reviews report that proactive and reactive 
aggression correlate highly (up to r =.87); (Bushman & Anderson, 2001a; Card & Little, 
2006; Colins, 2016; Polman et al., 2007). In addition, the addtitional value of CU-traits as 
specifier within conduct disorder (CD) is also still debated among different researchers 
(Herpers et al., 2015; Jambroes et al., 2016; Scheepers, Buitelaar, & Matthys, 2010). These 
ongoing discussion in the literature have raised several questions concerning the validity 
of the distinction of these different subtypes in adolescents and also with regard to which 
approach and treatment is needed and effective with regard to these different subtypes of 
aggression. 
Prevalence, onset and etiology of ODD and CD
The prevalence rates in the general population of children between 5 and 20 of age for 
Conduct Disorder and Oppositional Defiant Disorder vary from 4-14%, depending on the 
criteria used and population studied. ODD is more common than CD and both are more 
prevalent in boys than in girls (varying from 4:1 to 2:1). The prevalence of ODD and CD 
develops with age (Carr, 2006, pp 366). ODD and childhood-onset CD often have onset 
14
in the toddler years with signals of irritability or restlessness, and often further develop 
into preschool years where these problem behaviors may develop into clear symptoms 
of disruptive behavior disorder (DBD). However, other children first show a typical 
development during infancy or preschool period and develop DBD problems only when 
growing older. ODD and CD often co-occur with other disorders, i.e. about 50% of the 
children and adolescents with DBD have comorbid ADHD (Matthys & Lochman, 2010). 
Although ODD and CD are often described as different age-related manifestations of the 
same condition, with ODD preceding CD, a subgroup of children with ODD never transit to 
CD (Loeber & Farrington, 2000; Matthys & Lochman, 2010). Furthermore, an early onset of 
delinquent behavior or conduct disorder before the age of 13 years increased the risk of 
violence and offending at later age (Loeber & Farrington, 2000; Moffitt, 2003). 
 Disruptive behavior disorders (DBD) have a multifactorial and complex etiology. Many 
individual and environmental characteristics have been associated with DBDs, antisocial 
and aggressive behavior. For example, it is known from twin studies that about half 
the variance in behavior may be explained by genetic risk factors, which is also true 
for both dimensional, trait-like, measures of aggression and categorical definitions of 
psychopathology. The most promising candidates are in the dopaminergic and serotonergic 
systems along with hormonal regulators. The non-shared environment seems to have a 
moderate influence and shared environment effects are still unclear (Veroude et al., 2016). 
Furthermore, disruptive behavior can be due to dysregulation of neurotransmitters (e.g., 
decrease of serotonin and noradrenalin levels) and also dysregulation of hormonal systems 
is associated with aggression problems, showing higher testosterone levels and lower 
cortisol levels in children and adolescents with disruptive behavior (Matthys & Lochman, 
2010; van Goozen, Fairchild, Snoek, & Harold, 2007). Neuropsychological theories assert 
that deficits in for example executive functioning (poorer decision making, risk taking 
behavior or sensitivity to reward) are linked to DBD and other neural mechanisms like 
under- or over reactivity of the amygdala (in more detail described below) (Blair, 2013). 
Cognitive theories claim problems in social information processing (hostile attribution 
style), deficits in social skills towards others and that aggression is learned by modeling. 
Furthermore, several environmental risk factors have found to increase risk for aggressive 
behavior. These include poor parent-child interactions, harsh and inconsistent parenting, 
bullying, abuse and neglect, prenatal factors and socially disadvantaged subcultures (i.e. 
deviant peers) (Blair, 2013; Carr, 2006). The current thesis focuses on demographic factors, 
neuropsychological and cognitive dysfunctions.
15
1Box 1.1. DSM-5 diagnostic criteria for ODD and CD (with and without CU-traits)
Oppositional Defiant Disorder (ODD)
Diagnostic Criteria
A.  A pattern of angry/irritable mood, argumentative/defiant behavior, or vindictiveness 
lasting at least 6 months as evidenced by at least four symptoms from any of the 
following categories, and exhibited during interaction with at least one individual 
who is not a sibling.
Angry/Irritable Mood
1. Often loses temper.
2. Is often touchy or easily annoyed.
3. Is often angry and resentful.
Argumentative/Defiant Behavior
4. Often argues with authority figures or for children and adolescents with adults.
5.  Often actively defies or refuses to comply with requests from authority figures or 
with rules.
6. Often deliberately annoys others.
7. Often blames others for his or her mistakes or misbehavior.
Vindictiveness
8.  Has been spiteful or vindictive at least twice within the past 6 months.
Note: The persistence and frequency of these behaviors should be used to distinguish a 
behavior that is within normal limits from a behavior that is symptomatic. For children 
younger than 5 years, the behavior should occur on most days for a period of at least 
6 months unless otherwise noted (Criterion A8). For individuals 5 years or older, the 
behavior should occur at least once per week for at least 6 months, unless otherwise 
noted (Criterion A8). While these frequency criteria provide guidance on a minimal 
level of frequency to define symptoms, other factors should also be considered, such 
as whether the frequency and intensity of the behaviors are outside a range that is 
normative for the individual’s developmental level, gender, and culture.
B.  The disturbance in behavior is associated with distress in the individual or others 
in his or her immediate social context (e.g., family, peer group, colleagues), or it 
impacts negatively on social, educational, occupational, or other important areas of 
functioning
>> Box 1.1 
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C.  The behaviors do not occur exclusively during the course of a psychotic, substance 
use, depressive, or bipolar disorder. Also, the criteria are not met for disruptive mood 
dysregulation disorder.
Specify current severity:
Mild:  Symptoms are confined to only setting (e.g. at home, at school, at work, with 
peers).
Moderate: Some symptoms are present in at least two settings.
Severe: Some symptoms are present in three or more settings.
Conduct Disorder (CD)
A.  A repetitive and persistent pattern of behavior in which the basic rights of others 
or major age-appropriate societal norms or rules are violated, as manifested by the 
presence of three (or more) of the following criteria in the past 12 months, with at 
least one criterion present in the past 6 months:
Aggression to people and animals
1. often bullies, threatens, or intimidates others.
2. often initiates physical fights.
3.  has used a weapon that can cause serious physical harm to others (e.g., a bat, brick, 
broken bottle, knife, gun).
4. has been physically cruel to people.
5. has been physically cruel to animals.
6.  has stolen while confronting a victim (e.g., mugging, purse snatching, extortion, 
armed, robbery).
7. has forced someone into sexual activity.
Destruction of property
8. as deliberately engaged in fire setting with the intention of causing serious damage.
9. has deliberately destroyed others’ property (other than by fire setting).
Deceitfulness or theft
10. has broken into someone else’s house, building, or car.
11. often lies to obtain goods or favors or to avoid obligations (i.e., ‘‘cons’’ others).
12.  has stolen items of nontrivial value without confronting a victim (e.g., shoplifting, 
but without breaking and entering; forgery)
17
1Serious violations of rules
13. often stays out at night despite parental prohibitions, beginning before age 13 years.
14.  has run away from home overnight at least twice while living in parental or parental 
surrogate home (or once without returning for a lengthy period).
15. is often truant from school, beginning before age 13 years.
B.  The disturbance in behavior causes clinically significant impairment in social, 
academic, or occupational functioning.
C.  If the individual is age 18 years or older, criteria are not met for Antisocial Personality 
Disorder.
Code type based on age at onset
312.81 Conduct Disorder, childhood-onset type: onset of at least one criterion 
characteristic of Conduct Disorder prior to age 10 years.
312.82 Conduct Disorder, adolescent-onset type: absence of any criteria characteristic 
of Conduct Disorder prior to age 10 years.
312.89 Conduct Disorder, unspecified onset: age at onset is not known.
Specify severity
Mild few if any conduct problems in excess of those required to make the diagnosis and 
conduct problems cause only minor harm to others (e.g., lying, truancy, staying out after 
dark without permission).
Moderate number of conduct problems and effect on others intermediate between 
‘‘mild’’ and ‘‘severe’’ (e.g., stealing without confronting a victim, vandalism).
Severe many conduct problems in excess of those required to make the diagnosis or 
conduct problems cause considerable harm to others (e.g., forced sex, physical cruelty, 
use of a weapon, stealing while confronting a victim, breaking and entering).
Specify with or without callous and unemotional traits (CU-traits)
The following characteristics (2 or more) are shown persistently over at least 12 months 
and in more than one relationship or setting. The clinician should consider multiple 
sources of information to determine the presence of these traits, such as whether 
the person self-reports them as being characteristic of him or herself and if they are 
reported by others (e.g., parents, other family members, teachers, peers) who have 
known the person for significant periods of time.
Lack of remorse or guilt does not feel bad or guilty when he/she does something wrong 
(except if expressing remorse when caught and/or facing punishment).
Callous-lack of empathy disregards and is unconcerned about the feelings of others.
Unconcerned about performance does not show concern about poor/problematic 
performance at school, work, or in other important activities.
>> Box 1.1 
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Treatment of aggression
Both pharmacologic and non-pharmacologic approaches are used to treat aggression in 
adolescents (Aman et al., 2014; Barzman & Findling, 2008; Connor et al., 2006; Fossum 
et al., 2008). Atypical antipsychotics, of which risperidone has been most often studied, 
presynaptic alpha-adrenergic agonists (clonidine and guanfacine) and psychostimulants 
have shown to be effective in reducing aggression in children and adolescents (Aman 
et al., 2014; Connor et al., 2006; Connor, Glatt, Lopez, Jackson, & Melloni, 2002; Loy, 
Merry, Hetrick, & Stasiak, 2012). Furthermore, Parent Management Training (PMT) and 
Cognitive Behavioral Therapies (CBT) such as anger management, multimodal interventions 
and skills training have shown to be effective in reducing aggression (Sukhodolsky et 
al., 2004; Sukhodolsky, Smith, et al., 2016). In this thesis the Aggression Replacement 
Training was used (multi-modal CBT, see Box 2) as treatment of aggression in adolescents. 
Previous studies show empirical support that ART is able to reduce aggression problems, 
antisocial behavior and recidivism in youth (Barnoski & Aos, 2004; Goldstein et al., 1987; 
Gundersen & Svartdal, 2006; Nugent, Bruley, & Allen, 1999; Reddy & Goldstein, 2001). 
A recent review regarding the effect of ART indicates positives effects of ART, both on 
recidivism and secondary outcomes as anger control, social skills and moral reasoning. 
However, the methodology used in most of the studies was limited and no moderators of 
treatment effect were investigated. None of the studies distinguished between different 
Box 2 Treatment of aggression used in this thesis
Aggression Replacement Training (ART) is a multimodal Cognitive Behavioral Treatment 
that is focused to teach  adolescents to cope with their maladaptive aggression. ART 
consists of three components: Social Skills (i.e. problem solving), Anger Control (i.e. 
anger reducers) and Moral Reasoning (i.e. cognitive distortions). The participants in the 
ART described in this thesis received their ART as part of their school program. The 
ten-week training was implemented in three one-hour group sessions per week and 
uses highly structured group activities that include modeling and role playing to transfer 
knowledge (Glick & Gibbs, 2011; Goldstein, Glick, Reiner, Zimmerman, & Coultry, 1987). 
All teachers and social workers within the school were trained to deliver the treatment 
in every class by ‘Stichting werken met Goldstein’. 
Shallow or deficient affect does not express feelings or show emotions to others, 
except in ways that seem shallow or superficial (e.g., emotions are not consistent with 
actions; can turn emotions ‘‘on’’ or ‘‘off’’ quickly)or when they are used for gain (e.g., to 
manipulate or intimidate others).
Box 1.1 
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1subtypes of aggression (Brännström, Kaunitz, Andershed, South, & Smedslund, 2016). Aggressive behavior has been associated with deficits in cognitive processes and cognitive 
misperceptions, in origin described by the social learning model of Bandura (1978) and 
the social information pocessing model (SIP) of Dodge and Coie (1987). The social learning 
model describes  that individuals learn to use aggressive and antisocial behavior as it 
is often immediately reinforced or used for personal gain, receiving few or no negative 
consequences (Bandura, 1978). The SIP model states that disruption of one or more stages 
of information processes (i.e. deficient encoding, interpretation, preparation, planning 
and execution of response or behavior) can lead to anger and aggression (Dodge & Coie, 
1987). The assumption that deficits of information processes can be repaired and modified 
led to the development of Cognitive Behavioral Therapies (CBT) focusing on restructering 
cognitive misinterpretations, feelings and behavior within individuals with aggression 
problems (Fossum et al., 2008; Goldstein et al., 1987). 
What works and for whom? Identifying predictors of treatment effect 
According the National Institute of Clinical Excellence (NICE; www.nice.org.uk) psychosocial 
treatment is recommended as the first option of treatment of aggression in children and 
adolescents, with consideration of pharmacologic treatment in patients who do not 
respond (i.e. do not show improvement of their aggressive behavior) to the psychosocial 
treatment (Buitelaar et al., 2013). However, there is a lack of information on predictors of 
treatment success to CBT (Fossum et al., 2008; Sukhodolsky et al., 2004). Large between 
subject variation of treatment effects have been found, with some individuals improving 
strongly whereas others even seem to deteriorate (Kazdin, 1995; Masi et al., 2011). This 
does not seem to be primarily related to age, gender, ethnicity or severity of aggression 
(Bennett & Gibbons, 2000; McCart, Priester, Davies, & Azen, 2006; Sukhodolsky et al., 
2004). Furthermore, there is a lack of research regarding subtypes of aggression (reactive 
versus proactive aggression) as predictors of treatment response, and the influence of CU-
traits (Sukhodolsky, Smith, et al., 2016; Wilkinson et al., 2015). In addition, the influence 
of potential neurocognitive predictors on treatment response in adolescents with various 
aggression traits is rather understudied. This despite extensive evidence for deficits in 
different neurocognitive areas among children and adolescents with different subtypes 
of aggression, impulsivity and conduct problems (with or without CU-traits) (Blair, 2013; 
Matthys, Vanderschuren, & Schutter, 2013; Moffitt, 1993b; Morgan & Lilienfield, 2000; 
Raine et al., 2005; Rubia, 2011). Also, previous research in anti-social adults and adolescents 
indicated that neurocognitive predictors can possibly explain individual variability of 
treatment response (Cornet, de Kogel, Nijman, Raine, & van der Laan, 2014; Fishbein et 
al., 2006). Various subdomains of executive functioning (EF) (reflecting the higher order 
cognitive control of thought, action and emotion) are differentially associated with forms 
of antisocial behavior and patterns of aggressive behavior (Blair, 2013; Ogilvie, Stewart, 
Chan, & Shum, 2011). That is, EFs are often divided into ‘Cool’ and ‘Hot’ EF (Hongwanishkul, 
Happaney, Lee, & Zelazo, 2005; Zelazo & Carlson, 2012). ‘Cool’ EF refers to top-down 
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processes without strong activation of emotional processing, primarily subserved by the 
dorsolateral prefrontal cortex, parietotemporal and fronto-striatal-cerebellar regions (De 
Brito, Viding, Kumari, Blackwood, & Hodgins, 2013; Rubia, 2011). It encompasses planning, 
attention, working memory, response inhibition, deliberated decision making and cognitive 
flexibility. Impairments in these ‘cool’ EF regions are often associated with (threat-based) 
reactive aggression, by limiting the capacity of an individual to accurately oversee and 
judge the situation (Blair, 2013; De Brito et al., 2013). On the other hand, ‘Hot’ EF is related 
to affect, emotion, motivational control, affective decision making, risk taking, reward and 
punishment. It is mediated by ventromedial frontal regions and lateral orbitofrontal limbic 
neural networks (including ventral striatum and decreased amygdala responsiveness to 
distress) (De Brito et al., 2013; Gladwin & Figner, 2014; Rubia, 2011). Impaired functional 
integrity of these regions is related to poorer EF when a ‘hot’ component is added and 
associated with proactive aggression, frustration-based reactive aggression, reduced 
emotional empathy and the presence of CU-traits (Blair, 2013). Therefore, this thesis 
tries to investigate possible moderators, including several ‘hot’ and ‘cool’ EF paradigms, 
of treatment response in adolescents with aggression problems to further optimize 
interventions in clinical practice. 
Aim and outline of this thesis
Overall, previous research shows the need for suitable and effective interventions targeting 
individual differences and subtypes of aggression. This thesis will focus on specific 
moderators of treatment success (i.e. subtypes of aggression, demographic factors and 
neurocognitive predictors) of ART for adolescents with maladaptive aggression problems, 
in order to answer our main research question: what works for adolescents with aggression 
problems and especially for whom?
Therefore, the aim of this thesis was to examine:
1. Whether different subtypes of aggression actually can be distinguished in adolescents; 
2. If so, these different subtypes of aggression predict the clinical response to ART, and 
3.  Whether individual characteristics (demographic and neurocognitive measures) predict 
the response to ART while taking into account these different subtypes of aggression.
Information about various subtypes and dimensions of aggression and neurocognitive 
functioning has been collected from different study samples, see Figure 1 and Box 3. 
In Chapter 2 a meta-analysis was performed examining the role of predictors on treatment 
response to CBT based on previous studies on the effects of CBT to reduce aggressive 
behavior published between 2000 and 2013. In Chapter 3 it was investigated whether 
proactive and reactive aggression can be distinguished meaningfully within adolescents, 
using a ‘variable’- and a ‘person’-based approach (factor-analysis and cluster-analysis, 
respectively). In Chapter 4, cognitive distortions and changes thereof as predictor of 
treatment success were examined. Chapter 5 examined change in different subtypes 
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1of aggression after following ART, and analyzed potential individual differences and demographic predictors of treatment success. Furthermore, in Chapter 6 we investigated 
the role of neurocognitive deficits as potential predictors of treatment success. Finally, 
in Chapter 7 a general overview is provided, which summarizes and discusses key findings 
from all chapters, including limitations, our lessons learned and recommendation for future 
research and clinical implications. 
Figure 1: Overview of thesis content per chapter (see also Box 3).
Distinction
proactive
and reactive 
aggression
Studies
N=1580
Meta-analysis
of 25 studies
N=587
Multi-site study
(see box 3)
Chapter 5 Chapter 6
N=111 ART school
Rotterdam and N=40
residential facility 
Amsterdam
(N total=151)
N=151 ART school
in Rotterdam
Predictors
of CBT
Chapter 5 Chapter 6
Chapter 4
Chapter 4
Chapter 3
Chapter 2
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Box 3 Study Samples
 
Treatment of Aggression study (TOA; Chapter 5 and 6)
This study enrolled 151 participants referred to a school in Rotterdam for adolescents 
with externalizing behavioral problems after being dismissed from their regular school. 
All participants received ART within their school program to reduce their aggression 
and other behavior problems. All adolescents (67.5 % boys) were between 12 and 18 
years old (M=14.8, SD=1.08). The majority of children were of non-Caucasian ethnicity 
(78.8%), and the mean estimated total IQ was M=78.6 (SD=13.4). Participants, parents 
and teachers were asked to complete several questionnaires before and after treatment, 
and a neuropsychological assessment was completed by adolescents at baseline. 
Multi-site subtyping of aggression study 
Chapter 3: 
Data from 587 adolescents derived from four Dutch studies, was aggregated, who were 
referred to clinical practice because of their externalizing behavior problems. The four 
clinical subsamples were selected to capture the entire adolescent aggression range 
and differed with respect to the mean study aggression level: 131 participants from a 
special school for children with disruptive behavioral problems, 199 participants from a 
residential facility for treatment of conduct problems, 154 adolescents with a history of 
being arrested by the police before the age of 12 (Cohn et al., 2015; Domburgh, Vermeiren, 
Blokland, & Doreleijers, 2009), and 103 participants from a Dutch diversion program for 
delinquent youth (Popma et al., 2007). Participants of the first two studies were asked to 
fill in questionnaires at the start of their treatment within the school program or within 
the residential facility. Adolescents being arrested before the age of 12 were asked to fill 
in questionnaires at follow-up, approximately 5 years later. Furthermore, adolescents 
from the Dutch diversion program completed questionnaires between 4 to 10 weeks 
after they were referred to the diversion program for committing a minor offense. All 
participants were between 12 and 20 years old (M=15.6, SD=1.9), 51.4% were of non-
Caucasian origin, 71.6% were male and the sample was characterized by an IQ in the 
average range (M=88.3, SD=15.3; IQ based on Wechsler Intelligence Scale- III).
Chapter 4: 
Adolescents from a special school in Rotterdam for children with disruptive behavioural 
problems (n=125) and from a residential facility for treatment of severe behavioural 
problems in Amsterdam (n=46) were included. In total a group of 151 participants (59.5% 
boys, 28.05% Caucasian) with a mean age of 15.05 (SD 1.28), and a mean IQ of 81.70 (SD 
15.58) was included (IQ based on Wechsler Intelligence Scale- III). All participants received 
the Aggression Replacement Training and completed the ‘How I Think’ questionnaire at 
pre- and post-measurement (Nas, Brugman, & Koops, 2008).
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Abstract
Maladaptive aggression in adolescents is an increasing public health concern. Cognitive 
Behavior Therapy (CBT) is one of the most common and promising treatments of aggression. 
However, there is a lack of information on predictors of treatment response regarding CBT. 
Therefore, a meta-analysis was performed examining the role of predictors on treatment 
response of CBT. 
Methods Twenty-five studies were evaluated (including 2,302 participants; 1,580 boys and 
722 girls), and retrieved through searches on PubMed, PsycINFO and EMBASE. Effect sizes 
were calculated for studies that met inclusion criteria. Study population differences and 
specific CBT characteristics were examined for their explanatory power. 
Results There was substantial variation across studies in design and outcome variables. The 
meta-analysis showed a medium treatment effect for CBT to reduce aggression (Cohen’d= 
0.50). No predictors of treatment response were found in the meta-analysis. Only 2 
studies did examine whether proactive versus reactive aggression could be a moderator of 
treatment outcome, and no effect was found of this subtyping of aggression.
Conclusion These study results suggest that CBT is effective in reducing maladaptive 
aggression. More research is needed on moderators of outcome of CBT, including proactive 
versus reactive aggression. This requires better standardization of design, predictors, and 
outcome measures across studies. 
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Introduction
Maladaptive aggressive behavior is common in adolescents and one of the most prevalent 
reasons for referral to mental health services (Armbruster et al., 2004; Rutter et al., 2010). 
Aggression can be defined as behavior directed at an object, human or animal, through 
which the object, human or animal experiences harm or damage (Gannon et al., 2007). 
Severe maladaptive aggression in adolescents is accompanied by substantial community 
costs (Romeo et al., 2006). One of the reasons is that aggression often demands immediate 
attention, because aggressive behavior leads to a variety of problems in different life 
domains, like being expelled from school or contact with police or justice. Children and 
adolescents with symptoms of aggressive behavior and disruptive behavior problems, 
are often diagnosed with Oppositional Defiant Disorder (ODD) or Conduct Disorder (CD) 
(Buitelaar et al., 2013). Also, aggression in childhood or adolescents persists often in severe 
aggression in adulthood (Frick & Viding, 2009; Monahan et al., 2009). A literature review 
shows that 86% of the children with conduct disorder (CD) at the age of seven still have 
conduct problems at the age of fifteen. Furthermore, 5-10% of all children with anti-social 
behavior problems continue to present with serious problems in adulthood, and 50-60% 
of the crimes in youth are committed by this persistent group (Armelius & Andreassen, 
2007). To reduce these costs and public health concerns, effective treatment of aggression 
is needed. Both pharmacologic and non-pharmacologic approaches have been applied to 
treat aggression in adolescents (Aman et al., 2014; Barzman & Findling, 2008; Blake & 
Hamrin, 2007; Connor et al., 2006; Mattaini & McGuire, 2006). Atypical antipsychotics, of 
which Risperidone is the most commonly studied, presynaptic alpha-adrenergic agonists 
and psychostimulants have shown to be effective in reducing aggression in adolescents 
(Aman et al., 2014; Barzman & Findling, 2008; Connor et al., 2006). Furthermore, Cognitive 
Behavioral Therapies (CBT) like anger management, multimodal interventions and skills 
training have shown to be effective in reducing aggression (Sukhodolsky et al., 2004). 
Several treatment guidelines recommend psychosocial treatment as the first option of 
treatment of aggression in children and adolescents, with consideration of pharmacologic 
treatment in patients who do not respond (no improvement of their aggressive behavior) to 
the psychosocial treatment (Buitelaar et al., 2013). However, there is a lack of information 
on predictors of treatment success regarding CBT (Fossum et al., 2008; Sukhodolsky et al., 
2004).
 More specific knowledge of the characteristics of participants that respond to 
interventions could help clinicians identify the best treatment of aggression for individual 
patients. Characteristics of the participants (e.g. age, gender), treatment (e.g. duration, 
format or setting) or quality of the study design  (e.g. open vs. blinded raters) can be 
considered as possible moderators of treatment effect (Sonuga-Barke et al., 2013). For 
example, CBT in older children seems to be more effective than CBT in younger children. 
Also, the number of sessions (around 20 sessions) is positively associated with the outcome 
of the treatment (Sukhodolsky et al., 2004). In addition, studies reporting clinical diagnoses 
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of the participants have larger effect sizes than studies that do not report diagnoses (Fossum 
et al., 2008). Little attention has been paid so far to the distinction between reactive and 
proactive aggression as moderators of treatment effect. There is a body of evidence on the 
distinction between the two types of aggression, and treatment regarding proactive and 
reactive aggression might be different (Polman et al., 2007; Vitaro, Brendgen, & Tremblay, 
2002). Reactive aggression is also commonly known as ‘impulsive’, ‘hot-blooded’, ‘affective’ 
or ‘defensive’ aggression and refers to emotionally charged responses to provocations or 
frustration (Kockler, Stanford, Nelson, Meloy, & Sanford, 2006a; Stanford et al., 2003a). 
Proactive aggression is also commonly called ‘instrumental’, ‘cold-blooded’ or ‘predatory’ 
aggression and refers to conscious and planned acts that are often enacted in the basis of 
egocentric motives for personal gains (Blair, 2001; Blair, Peschardt, Budhani, Mitchell, & 
Pine, 2006b; Frick & Ellis, 1999). The distinction between these types of aggression may 
be relevant in predicting treatment success. Reactive aggressors seem to benefit more 
from psychosocial interventions than proactive aggressors (Barker et al., 2010; Vitaro et al., 
2006). Children and adolescents with severe problems of CD and proactive aggression have 
found to be more resistant for treatment and often do not clinically improve after following 
psychosocial treatment (Barker et al., 2010; Haas et al., 2011; Masi et al., 2011). On the 
other hand, proactive and reactive aggression are often highly correlated (Card & Little, 
2006; Poulin & Boivin, 2000), and there is ongoing debate whether proactive and reactive 
aggression need to be distinguished or are components of one overarching construct 
(Bushman & Anderson, 2001b).
 Therefore, a meta-analysis was conducted of CBT studies that aimed to reduce aggression 
in children and adolescents, including their predictors of treatment outcome. Besides the 
common predictors like gender, age, diagnosis, setting or treatment format, proactive and 
reactive aggression was also investigated as potential predictors of success regarding CBT.
Methods
A systematic and comprehensive search for studies in English for the period January 2000 
until April 2013 was conducted. Since previous meta-analyses regarding CBT of aggression 
in children and adolescents were based on literature of the period between 1968 and 
2005 (Fossum et al., 2008; Sukhodolsky et al., 2004), this meta-analysis was based on 
the most recent literature. PubMed, PsycINFO and EMBASE were searched for cognitive 
behavioral therapies used to treat maladaptive aggression. The search included, among 
others, the following keywords: aggression, cognitive behavioral therapy and randomized 
controlled trial (see Supplement 1 for the complete list of search terms). In addition to 
searching these databases, reference lists from all retrieved articles and relevant published 
reviews (i.e. Fossum et al., 2008; Sukhodolsky et al., 2004)) were hand-searched to identify 
additional related publications (see Supplement 2 for a flow chart of the search strategy). 
Within each individual study, outcome measures relevant to maladaptive aggression were 
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selected during the coding stage. Only one outcome measurement per study was selected, 
to secure independency of the data. If more outcome measurements were present in the 
study, the most commonly used (i.e. CBCL questionnaire) measurement was chosen. Next, 
the effect sizes of the treatment were calculated, see below for details (Morris, 2008). 
Studies were included if: 
1)  Cognitive-behavioral strategies had been used such as coaching and modeling, and if 
participants’ behavior and thinking styles were addressed by using techniques such 
as anger management, social skills training or assertiveness training (Fossum et al., 
2008; Lipsey, Landenberger, & Wilson, 2007).
2)  An experimental or quasi-experimental design had been used that assigned 
participants to either CBT intervention or control group (thus only Randomized 
Controlled Trials were included). Acceptable comparison condition were placebo, 
waiting list, or treatment as usual conditions. 
3)  They reported at least one quantitative measure on aggressive behavior (e.g. rating 
scale or observation scale, pre- and post-measurements) subsequent to treatment as 
an outcome variable. 
4)  The CBT treatment included participants under the age of 23 with maladaptive 
aggression problems. 
Studies were excluded if no intervention or control treatment was defined. Studies where 
– part – of the participants were receiving medication treatment, were not excluded. The 
following possible moderators of treatment outcome were extracted and analyzed: age, 
gender, diagnosis of ODD/CD, duration of treatment, setting of treatment and type of 
CBT treatment (family, group or individual). Furthermore, we coded whether the study 
outcome was assessed by non-blinded raters who were aware of treatment allocation, or 
by blinded-raters. The quality of the study was evaluated based on the Jadad scale (rating 
regarding quality of randomization, blinding and treatment of missing data) (Jadad et al., 
1996). These variables regarding study quality were also taken into account as possible 
moderators of treatment effect (Sonuga-Barke et al., 2013). 
Statistical analyses
Within each individual study, outcome measures relevant to maladaptive aggression were 
selected during the coding stage. First, the studies were selected by one of the authors. In 
cases of doubt and after the first selection was made, another author coded the studies 
as well (double-coding). The pretest-posttest-control group design was used to analyze the 
treatment effects. Effect sizes were calculated by using the dppc2 developed by Morris (2008): 
      (M post, T– M pre, T) - (M post, C– M pre, C)
dppc2= Cp
     
SD pre
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Where M post, T  referred to the mean treatment population aggression score post test, M pre, 
T  referred to the mean treatment population aggression score pre-test, M post, C referred to 
the mean control population aggression score post test and M pre, C referred to the mean 
control population aggression score pre-test. SD pre, referred to the standard deviation of 
the pre-test and Cp is the sample size bias correction, based on the n in the treatment 
group (Nt) and the n in the control group (Nc) (Morris, 2008):
          3
Cp =  1-
  
4 (Nt+ Nc-2) -1
An effect size of d=.20 indicates a small effect, an effect size of d=.50 denotes a medium 
effect and an effect size of d=.80 represents a large effect. Furthermore, negative effect 
sizes assume favorable effects in control groups (Cohen, 1988). Also, heterogeneity was 
calculated in Review Manager 5.1 (RevMan) (Nordic Cochrane Centre, 2011). A meta-
regression analysis was conducted to determine the different possible moderators of effect 
(sensitivity analysis). The effect of moderators on the treatment effect sizes was analyzed 
by a t-test or linear regression analysis for continuous variables and chi-square test for 
categorical variables, using SPSS 20.0. 
Results
An initial total of 2,302 participants with a mean age of 10.78 years (SD=4.3) were included in 
the 25 CBT intervention trials incorporated in this meta-analysis. In total, the studies included 
1,580 men (68.6%) and 722women (31.4%). Ten studies included participants diagnosed 
according to ICD 9/10 or DSM IV, with CD and ODD representing the majority of diagnoses. 
The 25 studies examined the effect of 12 different interventions with a median treatment 
duration of 22 hours. 1,121 participants were allocated to the CBT interventions and 1,002 
participants were allocated to the control conditions. 60.0% of the CBT interventions were 
group-based and the majority of the studies were conducted in clinical settings (76%). Table 1 
summarizes the characteristics of the 25 studies included in this meta-analysis study. In total, 
411 participants (17.8%) dropped-out of the studies after randomization, with individual 
study drop-out rates ranging from 3.7% to 40.0%. The 25 trials used various approaches to 
assess aggression over time. The most frequently used instruments were parent-reported 
questionnaires (52%). However, self-report methods were also commonly used (40%). All 
studies reported pre- and post-treatment aggression scores and mean baseline data were 
reported for 2,046 participants (88.8%). Furthermore, 16 studies (64%) included a follow-up 
time after post-treatment, with a mean of 11.4 months and 10 studies (40%) used blinded-
raters. Looking at the quality of the included studies according the Jadad scale (5= excellent, 
4= good, 3= fair, 2= poor, 1= very poor), 13 studies (52%) were rated as ‘fair’ or higher.
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Effectiveness of CBT
The effect sizes of the conducted studies ranged between d= -0.19 and d= 2.35 with an 
overall mean weighted effect size of d= 0.50, indicating a medium treatment effect for 
CBT to reduce aggression in adolescents. Heterogeneity was calculated (see Figure 1) in 
RevMan 5.1, using the I-squared and Chi-squared test. Heterogeneity was found in the 
meta-analysis (I²=76%, χ²=97.99, p<0.0001), which shows inconsistency of study results. 
Therefore the random effect model was used to correct for the heterogeneity and the 
different outcome measurements used in the meta-analysis.
Figure 1 Forest plot, comparison of effect sizes per study
38
St
ud
y
St
ud
y p
op
ul
at
io
n
In
te
rv
en
tio
n
Co
nt
ro
l
Se
tt
in
g
Dr
op
 
ou
t n
 
(%
)a
Ou
tc
om
e
ES
Ag
e 
(in
 
ye
ar
s)
# m
en
 /
w
om
en
 (%
)
Di
ag
no
se
s
Bl
in
de
d 
st
ud
y?
Re
po
rt
ed
 
de
sig
n 
qu
al
ity
b
Ty
pe
 
CB
T
Du
ra
tio
n
Pa
rt
ici
pa
nt
s
Ty
pe
 
tr
ea
tm
en
t
Ty
pe
 
co
nt
ro
l
Du
ra
tio
n
Pa
rt
ici
pa
nt
s
Ty
pe
 
tre
at
m
en
t
M
ea
su
re
m
en
t
Ti
m
in
g
Au
gu
st
 
20
01
6.6
16
8/
77
 
(6
8.6
/3
1.4
)
-
Op
en
 ra
te
rs
2
ER
PP
33
4 h
12
4
Gr
ou
p
NI
-
12
1 
-
Sc
ho
ol
44
 
(1
8.0
)
OB
S
Po
st,
 
12
, 2
4 
m
on
th
s
.07
Au
gu
st
  
20
03
6.3
18
5/
14
2 
(5
6.6
/4
3.4
)
-
Op
en
 ra
te
rs
3
ER
PP
24
5 h
11
1
Gr
ou
p
NI
-
10
9 
-
Sc
ho
ol
78
 
(3
2.0
)
PR
Po
st,
 
12
, 2
4 
m
on
th
s
-.1
4
Br
ot
m
an
  
20
03
3.7
 
(2
,5-
5)
19
/1
1 
(6
3.3
/3
6.7
-
Op
en
 ra
te
rs
2
IY
P
15
7.5
 h
16
Gr
ou
p
NI
-
14
 
-
Cli
nic
 
10
 
(3
3.3
)
PR
Po
st,
 6 
m
on
th
s
.70
Bu
tle
r
20
11
15
.1 
(1
3-
17
)
89
/1
9 
(8
2.4
/1
7.6
)
-
Op
en
 ra
te
rs
3
M
ST
?
56
Fa
m
ily
TA
U
?
52
In
di
vid
ua
l
Cli
ni
c
4 (3
.7)
PR
Po
st
.19
Ca
rp
en
te
r  
20
02
4.1
 (3
-5
)
43
/3
7 
(5
3.7
/4
6.3
)
-
Op
en
 ra
te
rs
2
SS
T
?
34
Gr
ou
p
HS
?
46
 
Gr
ou
p 
Sc
ho
ol 
9 
(1
1.3
)
PR
Po
st,
 3 
m
on
th
s
-.1
9
Do
w
n
20
11
13
.5
16
/9
 
(6
4/
36
)
-
Op
en
 ra
te
rs
1
CB
T
15
 h
18
Gr
ou
p
PD
 A
M
15
 h
7
Gr
ou
p
Cli
ni
c
8 (2
4)
SR
Po
st
.76
Fe
in
fie
ld
  
20
04
6.6
 (4
-8
)
40
/7
 
(7
1.4
/1
2.5
)
-
Op
en
 ra
te
rs
2
PT
 +
 
CT
27
.5 
h
28
Gr
ou
p
W
L
-
28
 
-
Cli
ni
c 
17
 
(3
0.4
)
PR
Po
st,
 5 
m
on
th
s
.84
La
rs
so
n 
 
20
09
6.6
 (4
-8
)
10
1/
26
 
(7
4.3
/2
0.5
)
OD
D/
CD
Op
en
 ra
te
rs
2
IY
P
64
 h
55
Gr
ou
p
W
L 
-
30
 
-
Cli
nic
 
25
 (1
8.4
)
PR
Po
st,
 12
 
m
on
th
s
.71
Lip
m
an
  
20
06
9.2
 (7
-1
1)
10
2/
21
 
(8
2.9
/1
7.1
)
-
Bl
in
d 
ra
te
rs
3
CB
T
24
 h
62
Gr
ou
p
NI
-
61
 
-
Cli
nic
 
24
 (1
9.5
)
PR
Po
st 
.25
M
an
en
va
n 
20
04
11
.2 
(9
-1
3)
97
/-
(1
00
/-)
CD
/ O
DD
 /
DB
D-
NO
S
Bl
in
d 
ra
te
rs
5
SC
IP
12
.8 
h
42
Gr
ou
p
W
L
-
15
 
-
Cli
nic
 
?
PR
Po
st,
 12
 
m
on
th
s
-.1
3
M
itc
he
ll 
 
20
11
15
.6 
(1
3-
18
)
40
/-
(1
00
/-)
M
en
ta
l 
he
alt
h 
Bl
in
d 
ra
te
rs
4
CB
T
?
19
?
TA
U
-
21
 
In
div
idu
al 
Cli
nic
16
 
(4
0.0
)
SR
Po
st,
 6,
 
12
, 1
8 
m
on
th
s
-.0
2
Ta
b
le
 1
 C
h
ar
ac
te
ri
sti
cs
 o
f 
In
cl
u
d
e
d
 S
tu
d
ie
s
39
2
Ni
ck
el
  
20
05
a
15
.1 
(1
4-
16
)
44
/-
(1
00
/-)
OD
D/
 CD
 
/A
DH
D/
 
BP
D
Bl
in
d 
ra
te
rs
5
FT
24
 h
22
Fa
m
ily
PI
?
22
 
Fa
m
ily
 
Cli
nic
7 
(1
5.9
)
SR
Po
st,
 12
 
m
on
th
s
1.7
6
Ni
ck
el
  
20
05
b
15
.0 
(1
4-
16
)
-/3
6
(-/
10
0)
- 
Bl
in
d 
ra
te
rs
5
FT
16
 h
15
Fa
m
ily
NI
-
15
 
-
Cli
nic
 
5
 (1
3.9
)
SR
Po
st,
 6 
m
on
th
s
.50
Ni
ck
el
  
20
06
a
14
.5 
(1
4-
15
)
72
/-
(1
00
/-)
CD
/ O
DD
 /
AD
HD
Bl
in
d 
ra
te
rs
5
BS
FT
20
 h
36
Fa
m
ily
PI
20
 h
36
 
Fa
m
ily
 
Cli
nic
 
9 
(1
2.5
)
SR
Po
st
.97
Ni
ck
el
  
20
06
b
15
.5
-/4
0
(-/
10
0)
-
Bl
in
d 
ra
te
rs
5
BS
FT
20
 h
20
Fa
m
ily
PI
20
 h 
20
 
Fa
m
ily
 
Cli
nic
 
4
 (1
0.0
)
SR
Po
st,
 12
 
m
on
th
s
2.3
5
O’
Ne
al
  
20
10
4.0
 (3
-5
) 
60
/3
2 
(6
5.2
/3
4.8
)
-
Bl
in
d 
ra
te
rs
3
IY
P
?
47
Gr
ou
p
NI
-
45
-
Cli
nic
35
 (3
8.0
)
OB
S
Po
st,
 
8,1
6 
m
on
th
s
.77
Og
de
n 
20
06
15
.1 
(1
2-
17
)
48
/2
7 
(6
4.0
/3
6.0
)
- 
Op
en
 ra
te
rs
2
M
ST
?
46
Fa
m
ily
TA
U
-
29
-
Cli
ni
c 
6
 (8
.0)
SR
Po
st,
 
6, 
24
 
m
on
th
s
.25
Pe
pl
er
20
10
8.6
 (5
-1
1)
-/8
0
(-/
10
0)
-
Op
en
 ra
te
rs
3
SN
AP
 
GC
?
47
Gr
ou
p
W
L 
-
40
-
Cli
ni
c 
29
 
(3
3.3
)
PR
Po
st,
 6 
m
on
th
s
0.4
1
Ro
w
la
nd
  
20
05
14
.5
32
/2
3 
(5
8.2
/4
1.8
)
SE
D
Op
en
 ra
te
rs
2
M
ST
72
 h
26
Fa
m
ily
TA
U
-
29
-
Ho
m
e 
4
 (7
.3)
SR
Po
st 
0.4
9
Sa
nt
ist
eb
an
 
20
03
15
.6 
(1
2-
18
)
95
/3
1
(7
5.4
/2
4.6
)
-
Op
en
 ra
te
rs
2
BS
FT
20
 h
80
Fa
m
ily
PL
I
24
 h 
46
Gr
ou
p 
Cli
ni
c 
41
 
(3
2.5
)
PR
 
Po
st 
0.6
9
Sc
he
ch
tm
an
 
20
00
12
.3 
(1
0-
15
)
55
/1
5 
(7
8.6
/2
1.4
)
-
Op
en
 ra
te
rs
1
CB
T
7.5
 h
34
Gr
ou
p/
In
di
vi
W
L 
-
36
-
Sc
ho
ol 
7 
(1
0.0
)
SR
Po
st 
0.6
4
Su
kh
od
ol
sk
y 
20
05
9.7
31
/- 
(1
00
/-)
OD
D/
 CD
Op
en
 ra
te
rs
2
SP
ST
8.3
 h
15
Gr
ou
p
SS
T
8.3
 h
16
Gr
ou
p 
?
11
 
(3
5.5
)
SR
Po
st,
 3 
m
on
th
s
-0
.10
Su
nd
el
l  
20
08
15
.0 
(1
2-
17
)
95
/6
1 
(6
0.9
/3
9.1
)
CD
Bl
in
d 
ra
te
rs
5
M
ST
?
79
Fa
m
ily
TA
U
-
77
In
div
idu
al/
 
fam
ily
Cli
nic
 
7
 (4
.5)
PR
Po
st 
-0
.12
W
eb
st
er
-
St
ra
tt
on
  
20
01
5.9
 (4
-8
)
80
/1
9 
(8
0.8
/1
9.2
)
CD
/ O
DD
Op
en
 ra
te
rs
2
IY
P
?
51
Gr
ou
p
W
L
-
48
-
Cli
nic
 
2
 (2
.0)
PR
Po
st,
 12
 
m
on
th
s
0.3
5
Va
n 
de
 W
ie
l 
20
07
10
.1 
(8
-1
3)
68
/9
 
(8
8.3
/1
1.7
)
DB
D
Bl
in
d 
ra
te
rs
4
CP
P
?
38
Gr
ou
p
TA
U
-
39
In
di
vid
ua
l/ 
fa
m
ily
Cli
ni
c 
9
 (1
1.7
)
PR
Po
st 
0.3
8
Ta
b
le
 1
 C
o
n
ti
n
u
e
d
40
Moderators of treatment effect 
To explain the heterogenic outcome of the meta-analysis, we investigated whether effect 
sizes were moderated by specific participant and treatment characteristics. A meta-
regression analysis was conducted to compare the effect sizes of the different studies 
(see Table 2). Focusing on the participant characteristics, no effect of gender and age was 
found regarding the treatment effectiveness of CBT. Furthermore, only 10 studies reported 
clinical diagnosis of the participants. The moderator analysis of these reported diagnoses 
did not reveal significant effects. Unfortunately, only two studies in our meta-analysis 
made a distinction between proactive and reactive aggression regarding the treatment 
of aggression (studies of Down, Willner, Watts, & Griffiths, 2011; Van Manen, Prins, & 
Emmelkamp, 2004). Because this of lack of research, proactive or reactive aggression could 
not be examined as moderators of treatment effect in the meta-analysis. 
 The analysis of intervention characteristics showed that treatment duration did not 
significantly predict treatment effect. Also, no significant moderator effects of treatment 
in clinical setting, school setting or home interventions were found. Furthermore, no 
significant difference between the different intervention types was found (group, individual 
or family intervention). Of the seventeen studies that reported a first follow-up period 
after post-treatment, six studies reported second additional follow-up outcomes after 
treatment. Follow-up-treatment effect sizes ranged between d= -0.04 and d= 3.19 with an 
overall mean weighted effect size of d= 0.92, indicating large treatment effects on longer 
terms. However, follow-up effect sizes were not statistically significant different compared 
Table 1 Characteristics of Included Studies
Abbreviations: ODD, oppositional defiant disorder; CD, conduct disorder; DBD-NOS, disruptive 
behavior disorder-not otherwise specified; ADHD, attention deficit hyperactivity disorder; BPD, 
borderline personality disorder; SED, serious emotional disturbance; DBD, disruptive behavior 
disorder; ERPP, early risers prevention program; IYP, incredible years program; SST, social skills 
training; PT+CT, parent training and child training; CBT, cognitive behavioral therapy; SCIP, so-
cial cognitive intervention program; FT, family therapy; BSFT, brief strategic family therapy; 
MST, multisystemic treatment; SNAP GC,girls connected; SPST, social problem-solving training; 
CPP, coping power program; NI, no intervention; HS, head start; WL, wait list; TAU, treatment 
as usualc; PI, placebo intervention; PLI, participatory learning intervention; PD AM Person-
al Development Anger Management intervention OBS, observer-rated; PR, parent-rated; SR, 
self-report; ES, effect size 
a  The percentage drop-out was defined as the percentage of participants not available after randomization 
at follow-up and was calculated by using information from the studies
b  Reported design quality of the included studies, based on the Jadad ratings, 5=excellent, 4=good, 3=fair, 
2=poor, 1=very poor. 
c  Treatment as Usual was defined differently over the studies, like ‘regular services’, ‘behavior therapy’, 
‘familiy therapy, ‘individual counseling’ or ‘residential care
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to post-treatment effect sizes (t=0.42, p= 0.698). Looking at the study differences between 
open and blinded raters and the quality of the studies according the Jadad scale (low versus 
high), no significant differences were found between effect sizes. 
Table 2 Values of the moderators analyses
Moderators of treatment 
wsuccess
Level of variable
(number of studies)
ES per level P-value 
Gender Boys n=5
Girls n=3
Boys and Girls n=17
.49
1.089
.39
F (2,24)=1.916, p=.171
Age F (1,24)= .977, p=.550
Diagnosis Diagnosis n=10
No Diagnosis n=15
.42
.54
F (1,24)=.206, p=.655
Setting Clinic n=19
School n=4
Home n=1
Unknown n=1
.61
.098
.49
-.10
F (3,24)=1.223, p=.326
Intervention type Group n=15
Family n=9
Unknown n=1
.35
.78
-.02
F(2,24)=2.058, p=.152
Duration of treatment Mean=72.94 hours
Median =24hours
<22 hours n=8
≥ 22 hours n=8 
No information n=9
.71
.58
.22
F (12,15)=.354, p=.916
F (2,24) = 1.646, p=.216
Rater Open n=15
Blind n=10
.38
.67
F (1,24)=1.509, p=.232
Jadad quality Very poor n=2
Poor n=10
Fair n=5
Good n=2
Excellent n=6
.70
.38
.29
.18
.89
F (4,24)=1.124, p=.373
Discussion
The aim of this study was to examine response predictors of CBT interventions in children 
and adolescents with aggression problems. Besides the common predictors like gender, 
age, diagnosis, setting, treatment delivery and quality of the study, proactive and reactive 
aggression were investigated as treatment moderators. A meta-analysis was conducted to 
define these moderators. Overall, results of the meta-analysis study showed a medium 
treatment effect of CBT to reduce aggression in adolescents (d=0.50), which is in line with 
earlier meta-analysis (Fossum et al., 2008; Sukhodolsky et al., 2004). The results were 
heterogeneous, therefore a random effect model was used and moderators of effect were 
investigated. 
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 Looking at participant characteristics as moderators of treatment effect in the meta-
analysis, age, gender, diagnosis, type of raters and type of aggression (proactive and 
reactive aggression) were examined as possible predictors of response to the treatment. 
None of these moderators were found to predict treatment effects in the meta-analysis. 
Gender and age were not found as moderators of effect in a previous meta-analyses either 
(Landenberger & Lipsey, 2005; Sukhodolsky et al., 2004). Unfortunately, proactive and 
reactive aggression were only mentioned in two of the 25 included studies and therefore 
could not be examined as a possible predictor of response to treatment. However, the 
study of Down et al. (2011) showed that treatment focused on reactive aggression (CBT) 
but also on proactive aggression (Personal Developmental Anger Management) was 
positive related to higher levels of anger control and self esteem after the following this 
treatment. Age was found as a moderator of treatment effect in the reactive treatment 
group, where young adolescents did show lower levels of anger control and self esteem 
after following the treatment compared to the older adolescents. Furthermore, Van Manen 
et al. (2004) showed that after following the Social Cognitive Intervention Program and the 
Social Skills Program, proactive and reactive aggression decreased in nine to thirteen-year 
old boys after one year follow up. However, participants with reactive aggression reacted 
significantly better after following the Social Cognitive Intervention Program (based on 
social information processing) than participants with proactive aggression. Since several 
possible moderators of effect were examined and none differed significantly from each 
other, the heterogeneity of the meta-analysis might be caused by the lack of differentiation 
between proactive and reactive aggression in the majority of the studies included in this 
meta-analyses. Overall, the meta-analysis indicates that the external and in particular 
predictive validity of proactive and reactive aggression regarding the response to CBT needs 
to be further investigated. The diagnoses of the participants was only reported in 10 of the 
25 studies. No significant effect was found in these 10 studies that reported the diagnosis 
of the participants (overall ODD/ CD), however this could be due to the fact of lacking data. 
In future research, studies should report their samples in more detail regarding behavioral 
symptoms and clinical diagnosis of the participants as this could be a possible moderator 
variable. For example, it has been shown that reactive aggression is associated with anxiety 
and attention problems and proactive aggression is associated with delinquent behavior 
and CD (Vitaro et al., 2002). More insight in these possible moderator variables, could lead 
to more effective and personalized interventions.  
 Finally, treatment characteristics were examined as possible moderators of treatment 
response. Results indicated that treatment duration, treatment setting (school vs. clinical) 
and intervention type (e.g. individual, group or family) did not predict treatment outcome 
of CBT. The finding that treatment duration does not seem to influence outcome is quite 
remarkable, but is in line with results of previous meta-analyses (McCart et al., 2006; 
Sukhodolsky et al., 2004). This may suggest that more cost-effective development of future 
interventions is feasible. Moreover, there is even some evidence suggesting recidivism is 
lower after treatment of shorter duration versus longer duration (Dekovic et al., 2011; van 
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der Put et al., 2013). This could possibly be explained by that short interventions create a 
larger momentum and /or are more intensive. The finding that treatment setting also does 
not seem to influence outcome is hopeful, since it means that less-invasive (and often cost-
effective) school based interventions may be preferred compared to clinical interventions. 
However, there are studies suggesting clinical interventions are more effective than school-
based interventions in clinical severe cases, suggesting it is premature to prefer school based 
interventions over clinical interventions in all cases (McCart et al., 2006). Lastly, intervention 
type did not seem to moderate treatment outcome, although a meta-analysis did indicate 
including parents in the treatment of adolescents is important (Fossum et al., 2008). Since 
the lack of power could have caused the non-significant results of the moderator analysis, 
future research should examine these possible moderators of treatment effect in larger 
meta-analyses to develop more effective and cost-beneficial treatment of aggression. Also, 
the meta-analysis did not find significant difference between effect sizes of studies with 
open raters or blinded studies, or between that of studies with high versus low quality. 
However, this could be due to that different outcome measurements were used in the 
studies included in our meta-analysis. This could lead to a bias in the results, therefore 
studies with matching outcome measurements are highly needed in future to have a better 
indication of the overall outcomes regarding the treatment of aggression. 
Limitations
This study had some limitations. First of all, a possible limitation of the present meta-
analysis is that the search strategy primarily relied on published studies. As a result, 
magnitudes of treatment effects might have been overestimated (Dickersin, 1990). On the 
other hand, it has been argued that including grey literature could also lead to a bias of 
the results, since grey literature often includes non-peer reviewed articles with lower level 
of methodologically quality (Hopewell, McDonald, Clarke, & Egger, 2007). Furthermore, 
only a small number of studies were included in the moderator-analyses, which could have 
biased the results of the moderator analyses due to a lack of power. 
Conclusion
The findings of this meta-analysis indicate that CBT is effective in decreasing aggression 
in adolescents (d=0.50). Treatment duration, treatment setting, treatment style, age and 
gender were not found as moderators of response to treatment. Too few studies examined 
the moderating role of proactive and reactive aggression as predictors of response to 
treatment, and thus further research is needed in this area. Also, many studies did 
insufficiently report on clinical diagnosis and behavioral symptoms of the study sample. 
Finally, better standardization of design, predictors, and outcome measures across studies 
is required to establish predictive profiles of responders and non-responders to treatment 
of reducing aggression. 
44
Supplemental material
Supplement 1 Search strategy PubMed 23 april 2013
# Search term # of hits
Aggression
1 Aggression [Mesh] 26580
2 Aggression [tiab] 18444
3 Anger [tiab] 9081
4 Violence [tiab] 26284
5 Hostility [tiab] 5020
6 Violent behavi* [tiab] 1940
7 Antisocial behavi* [tiab] 2581
8 Aggressive behavi* [tiab] 9652
9 Offending behavi* [tiab] 200
10 Hostile behavi* [tiab] 105
11 Juvenile delinquency [tiab] 542
12 Delinquency [tiab] 2808
13 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 78011
Cognitive behavioural therapy
14 Cognitive therapy [Mesh] 13718
15 Cognitive therapy [tiab] 1638
16 Cognitive behavi* therapy [tiab] 7977
17 Behavi* therapy [tiab] 44435
18 Multimodal intervention [tiab] 108
19 Aggression replacement training [tiab] 4
20 Psychotherapy [tiab] 24275
21 Psychosocial intervention [tiab] 919
22 Group psychotherapy [tiab] 2306
23 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 74596
Aggression AND cognitive behavioural therapy
24 #13 AND #23 2467
RCT
25 (((“Randomized Controlled Trial”[Publication Type]) OR “Animal Experimentation”[Mesh]) OR 
“Controlled Clinical Trial”[Publication Type]) OR “Clinical Trial, Phase III”[Publication Type] OR 
“Clinical Trial, Phase II”[Publication Type] OR “Clinical Trial, Phase I”[Publication Type] NOT 
(“addresses”[Publication Type] OR “biography”[Publication Type] OR “case reports”[Publication 
Type] OR “comment”[Publication Type] OR “directory”[Publication Type] OR “editorial”[Publication 
Type] OR “festschrift”[Publication Type] OR “interview”[Publication Type] OR “lectures”[Publication 
Type] OR “legal cases”[Publication Type] OR “legislation”[Publication Type] OR “letter”[Publication 
Type] OR “news”[Publication Type] OR “newspaper article”[Publication Type] OR “patient education 
handout”[Publication Type] OR “popular works”[Publication Type] OR “congresses”[Publication 
Type] OR “consensus development conference”[Publication Type] OR “consensus development 
conference, nih”[Publication Type] OR “practice guideline”[Publication Type])
442080
Aggression AND RCT
26 #13 AND #25 2236
Cognitive behavioural therapy and RCT
45
2
27 #23 AND #25 7751611
Aggression AND cognitive behavioural therapy AND RCT
28 #13 AND #23 AND #25 253
EMBASE and PSYCHINFO 23 april 2013
# Search term # of hits
Aggression
1 ‘aggression’/exp 63196
2 ‘anger’/exp 22187
3 ‘violence’/exp 142883
4 ‘hostility’/exp 11671
5 ‘antisocial behavior’/exp 224554
6 violent AND ‘behavior’/exp 48812
7 ‘offending behavior’ 911
8 ‘offending behaviour’ 456
9 hostile AND ‘behavior’/exp 2926
10 ‘juvenile’/exp AND ‘delinquency’/exp 2073
11 ‘delinquency’/exp 35611
12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 318440
Cognitive behavioural therapy 
13 ‘cognitive therapy’/exp 41315
14 cognitive AND behavioural AND (‘therapy’/exp OR therapy) 46239
15 ‘behavior therapy’/exp OR ‘behavior therapy’ 68387
16 multimodal AND intervention 5505
17 ‘aggression’/exp OR aggression AND replacement AND (‘training’/exp OR training) 778
18 ‘psychotherapy’/exp OR psychotherapy 378435
19 ‘group therapy’/exp OR ‘group therapy’ 41262
20 psychosocial AND intervention 92801
21 #13 # 14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 446100
Aggression AND cognitive behavioural therapy
22 #12 AND #21 27049
RCT
23 (((“Randomized Controlled Trial”) OR (“Controlled Clinical Trial”) OR ( “Clinical Trial, Phase III”) OR 
(“Clinical Trial, Phase II”) OR ( “Clinical Trial, Phase I”) NOT ((“addresses”OR “biography”OR “case 
reports”OR “comment”OR “directory”OR “editorial”OR “festschrift”OR “interview”OR “lectures”OR 
“legal cases”OR “legislation”OR “letter”OR “news”OR “newspaper article”OR “patient education 
handout”OR “popular works”OR “congresses”OR “consensus development conference”OR “consensus 
development conference, nih”OR “practice guideline”)))
821667
Aggression and RCT
24 #12 AND #23 110855
Cognitive behavioural therapy AND RCT
25 #21 AND #23 12678
Aggression AND cognitive behavioural therapy AND RCT
26 #12 AND #21 AND #23 1066
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Supplement 2 Inclusion of studies
Electronical search PubMed
(253 titles)
10 studies
Hand search 553 titles 6 studies
EMBASE
(1066 titles)
9 studies
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Abstract
Background This study was designed to examine whether proactive and reactive aggression 
are meaningful distinctions at the variable- and person-based level, and to determine their 
associated behavioral profiles. 
Methods Data from 587 adolescents (mean age 15.6; 71.6% male) from clinical samples of 
4 different sites with differing levels of aggression problems were analyzed. A multi-level 
Latent Class Analysis (LCA) was conducted to identify classes of individuals (person-based) 
with similar aggression profiles based on factor scores (variable-based) of the Reactive 
Proactive Questionnaire (RPQ) scored by self-report. Associations were examined between 
aggression factors and classes, and externalizing and internalizing problem behavior scales 
by parent report (CBCL) and self-report (YSR). 
Results Factor-analyses yielded a 3 factor solution: 1) proactive aggression, 2) reactive 
aggression due to internal frustration, and 3) reactive aggression due to external 
provocation. All 3 factors showed moderate to high correlations. 4 classes were detected 
that mainly differed quantitatively (no “proactive-only” class present), yet also qualitatively 
when age was taken into account, with reactive aggression becoming more severe with age 
in the highest affected class yet diminishing with age in the other classes. Findings were 
robust across the 4 samples. Multiple regression analyses showed that “reactive aggression 
due to internal frustration” was the strongest predictor of YSR and CBCL internalizing 
problems. However, results showed moderate to high overlap between all three factors.
Conclusion Aggressive behavior can be distinguished psychometrically into three factors 
in a clinical sample, with some differential associations. However, the clinical relevance of 
these findings is challenged by the person-based analysis showing proactive and reactive 
aggression are mainly driven by aggression severity. 
57
3
Introduction 
Aggression can be defined as behavior directed at an object, human or animal, which causes 
harm or damage (Bushman & Anderson, 2001a; Gannon et al., 2007), and is one of the 
most frequent reasons for referral of children and adolescents to mental health services 
(Armbruster et al., 2004; Rutter et al., 2010). Aggression is assumed to be a heterogeneous 
construct, and a distinction is often made between two different subtypes, reactive and 
proactive aggression. Reactive aggression refers to an emotionally charged response to 
provocations or frustration and is also known as “impulsive”, “hot blooded” or “affective” 
aggression (Dodge & Coie, 1987; Kockler et al., 2006b; Stanford et al., 2003b). Proactive 
aggression refers to a conscious and planned act, used for personal gain or egocentric 
motives, also known as “premeditated”, “instrumental” or “cold-blooded” aggression (Blair 
et al., 2006a; Blair, 2001; Dodge & Coie, 1987; Frick & Ellis, 1999). 
 Support for the distinction between proactive and reactive aggression is provided 
by several variable-based studies (using factor analysis and correlations) in clinical and 
nonclinical samples of adolescents and adults (Cima, Raine, Meesters, & Popma, 2013; 
Dodge & Coie, 1987; Raine et al., 2006). Furthermore, these subtypes of aggression have 
been related to distinct behavioral, neurocognitive and treatment profiles (Card & Little, 
2006; Polman et al., 2007). Reactive aggression is associated with attention problems, 
anxiety problems, peer rejection, hostile attribution bias, emotional dysregulation, deficits 
in problem solving, low verbal intelligence, and often appears earlier in life than proactive 
aggression. In contrast, proactive aggression is related to delinquent behaviour, lower 
levels of victimization, positive outcome expectancies, higher self-efficacy about aggression 
(Blair, 2013; Cima & Raine, 2009; Dodge & Coie, 1987; Merk et al., 2007; Vitaro et al., 2006). 
Moreover, different neural mechanisms have been suggested to underlie reactive and 
proactive aggression. Reactive aggression has been linked to hypofunction of in particular 
the orbitofrontal and anterior cingulate cortex, and increased responsiveness of the 
amygdala to distress, whereas proactive aggression has been associated with dysfunction 
of the ventromedial prefrontal cortex and the striatum, and decreased responsiveness of 
the amygdala to distress (Blair et al., 2006a; Blair, 2013). 
 However, other data challenge the assertion that proactive and reactive aggression can 
be regarded as distinct constructs. Systematic reviews report that proactive and reactive 
aggression correlate highly (up to r =.87); (Card & Little, 2006; Polman et al., 2007). 
Furthermore, most studies used partial correlations and corrected for shared variance, 
which makes it unclear which part of the variance was examined and whether shared or 
independent associations were shown (Lynam, Hoyle, & Newman, 2006). This suggests that 
aggression is one construct which cannot be subdivided in different subtypes. 
 An untouched aspect of this variable-based approach is whether a distinction between 
reactive and proactive aggression can be made at the level of the individual (person-based 
approach). In other words, can we reliably distinguish individuals predominantly showing 
reactive aggression from those predominantly showing proactive aggression? Previous 
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research shows that identifying distinct correlations using variable-based methods cannot 
necessarily be clearly translated to clinical characteristics within a person (Crapanzano, Frick, 
& Terranova, 2010).  Therefore, results of methods using multiple regression procedures 
may appear not significant in one person or are misleading (i.e., suppression effects), due 
to the absence of a proactive-only group or to overlapping constructs (Crapanzano et al., 
2010). Previous research has suggested that proactive and reactive aggression tend to co-
occur in the same individuals, with only a small proportion of clinically referred children 
and adolescents presenting with proactive aggression only (Barker, Tremblay, Nagin, 
Vitaro, & Lacourse, 2006; Barker et al., 2010; Kempes et al., 2005). Furthermore, research 
shows that informants (teachers, parents or peers) find it hard to observe and identify the 
distinction between proactive or reactive aggression (Kempes et al., 2005). Therefore, it 
may be questioned whether the distinction holds in clinical practice. 
 To the best of our knowledge, no other studies have combined a variable-based 
and person-based approach regarding the subtypes of aggression, while it has been 
shown efficient to combine both methods to explore the underlying latent structures of 
psychological constructs (Masyn, Henderson, & Greenbaum, 2010). This combination is 
highly relevant for clinical practice, since assessment and treatment decisions are made at 
the level of the individual (person-based approach), rather than at the variable or factor 
level, warranting investigation of their relation. 
 We hypothesized that proactive and reactive aggression would be found as distinct 
factors in the variable-based analysis. Second, we hypothesized that the person-based 
analysis would yield different classes of individuals including the presence of both subtypes 
in the individual and reactive or proactive aggression with the absence of the other subtype 
(Kempes et al., 2005). We further anticipated that proactive and reactive aggression, both 
at the variable and at the person level, would differ regarding their associated behavioral 
correlates. We expected that reactive aggression would be particularly associated with 
anxiety and attention problems, and proactive aggression with increased levels of conduct 
disorder symptoms (Vitaro et al., 2002). These aims were examined in 587 adolescents 
(mean age 15.6; 71.6% male) from clinical samples of four different sites.
Methods
Participants
We were able to aggregate data from 587 adolescents who were referred to clinical 
practice because of their externalizing behavior problems from four Dutch studies. The 
four clinical subsamples were selected to capture the entire adolescent aggression range 
and differed with respect to the mean study aggression level: 131 participants from a 
special school for children with disruptive behavioral problems, 199 participants from a 
residential facility for treatment of conduct problems, 154 adolescents with a history of 
being arrested by the police before the age of 12 (Cohn et al., 2015; Domburgh et al., 2009), 
and 103 participants from a Dutch diversion program for delinquent youth (Popma et al., 
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2007). Participants of the first two studies were asked to fill in questionnaires at the start 
of their treatment within the school program or within the residential facility. Adolescents 
being arrested before the age of 12 were asked to fill in questionnaires at follow-up, 
approximately 5 years later. Furthermore, adolescents from the Dutch diversion program 
completed questionnaires between 4 to 10 weeks after they were referred to the diversion 
program for committing a minor offense. All participants were between 12 and 20 years old 
(M=15.6, SD=1.9), 51.4% were of non-Caucasian origin, 71.6% were male and the sample 
was characterized by an IQ in the average range (M=88.3, SD=15.3; IQ based on Wechsler 
Intelligence Scale- III). Written informed consent was obtained from every participant and 
parents or caregiver before enrolment in the study and all studies were approved by the 
local ethical committees. All participants (except subjects within the residential facility) 
received a small financial reimbursement after completing several questionnaires. 
Measures
Reactive-Proactive Aggression Questionnaire
(self-report)
The Reactive-Proactive Aggression Questionnaire (RPQ) was used to assess proactive and 
reactive aggression (Raine et al., 2006). The RPQ is a 23-item self-report questionnaire with 
a 3-point Likert scale, assessing the frequency at which participants have engaged in the 
type of behavior described in each item, as follows: never (0), sometimes (1) or often (2). 
The instrument yields a total score for aggression and scores for two subscales: proactive 
aggression (12 items) and reactive aggression (11 items). These subscales represent a 
2-factor model with acceptable fit indices, based on data from the USA (Raine et al., 2006). 
The questionnaire was back-translated by a native English speaker. 
Youth Self Report and Child Behavior Checklist 
(self-report and parent-report)
The Youth Self Report (YSR, official Dutch version 1999/2001) (self-report, 11-18 years) 
and Child Behavior Checklist (CBCL, official Dutch version 2001) (parent-report, 6-18 years) 
were used to specify the behavior profiles of the observed classes (Achenbach et al., 
2008).These questionnaires are widely used for the assessment of behavioral problems in 
children and adolescents. They comprise over one hundred items, rated on a 3-point scale 
of not true (0) somewhat or sometimes true (1) or very or often true (2). The instruments 
yield eight syndrome subscales and six DSM related subscales. In this study only the DSM 
related scales, and total internalizing, externalizing and overall total subscales were used 
(see Table 5), (Achenbach et al., 2008). The total scores of the subscales are converted 
into T-scores with a cut-off score (based on behavioral profiles of a healthy norm sample) 
that shows the severity of the problems (subclinical or clinical levels). Good reliability 
(Cronbach’s alpha’s ranging from .79 to .95 for all the scales) of the CBCL and YSR has 
been reported (Achenbach et al., 2008). Also, the CBCL and YSR scales of the current 
study showed acceptable to good reliability (cronbach’s alpha between .70 and .88 for 
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CBCL scales and .76-.84 on YSR scales. Only YSR anxiety showed a cronbach’s alpha of .65). 
For the participants recruited from the school in Rotterdam a previous version of the YSR 
(1991) was used (Achenbach et al., 2008). In the new version (2001), the content of items 
2, 4, 5, 28, 78 and 99 differ from the content of the items in the old version. This was 
solved by using the mean score of the subscale (leaving the old items out) multiplied by 
the number of actual items on that subscale. No YSR and CBCL data were available for the 
participants of the Dutch diversion program. 
Procedures 
Participants in this study had been referred to special schools or clinical services because 
of externalizing behavior, and/or had been arrested. If informed consent was given, 
participants completed the RPQ and YSR questionnaire, while their current primary 
caretakers completed the CBCL.  
Data Analyses 
First, we checked the two factor model of the RPQ (Raine et al., 2006), using Confirmatory 
Factor Analysis (CFA), and conducted Exploratory Factor Analysis (EFA) to examine 
alternative factor solutions of the 23-items of the RPQ using Mplus 6.11. Second, a 
multi-level Latent Class Analysis (LCA) was conducted, which takes into account within-
center measurement bias, by using the factor solution of the RPQ and different sites as 
input. LCA is a cluster analysis, used to identify homogeneous classes of subjects with 
similar profiles of aggression in the observed data (Supplement S1). Third, we calculated 
Pearson’s correlations between the RPQ aggression factors found in the factor analyses 
and the DSM-based and total internalizing and externalizing behavior scales of the YSR 
and CBCL, to examine whether the aggression factors showed differential relationships 
with other domains of psychopathology. We examined whether significant differences 
between the correlations of the three factors and the YSR/CBCL subscales were present 
using transformation into z-scores (Lee & Preacher, 2013). Finally, the latent classes were 
characterized in terms of RPQ factor scores and psychopathology as indexed by the YSR 
and CBCL by dependent t-tests (within-class comparison) and MANOVA analyses (between-
class comparison) with Bonferroni post-hoc tests in SPSS 20.0. Age, gender, IQ and 
ethnicity were included as covariates and their moderator effects were examined.  Partial 
eta squared was used to define the effect size (0.01 to 0.06 small, 0.06 to 0.14 medium 
and 0.14 or higher large effect size (Cohen, 1988). Also, multiple regression analyses were 
conducted (forward-method) to examine suppressing relationships of the three factors 
on internalizing and externalizing behavioral scales measured by YSR and CBCL (with age, 
gender, IQ and ethnicity as covariates), compared to the zero-order correlations. 
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Fit indices
Results of the EFA were interpreted based on several fit indices, i.e., the Tucker-Lewis Index 
(TLI; Tucker & Lewis, 1973) the Comparative Fit Index (CFI; Bentler, 1990) the Root Mean 
Square Error of approximation (RMSEA; Steiger, 1990) and the eigen-value. A TLI or CFI 
between .90 and 1 shows an acceptable to good fit of the model. Also, a RMSEA of 0.06 
and lower, and an eigen-value of 1 or higher indicate a good fit of the model (Hu & Bentler, 
1999). The Bayesian Information Criteria (BIC) (lowest) and Entropy (highest) were used to 
define the best LCA fit (Nyland, Asparouhov, & Muthén, 2007). 
Results 
Factor analyses on RPQ items
The CFA was conducted to replicate the original 2-factor model of the RPQ (Raine et al., 
2006). Fit indices (TLI=.954; CFI=.958; RMSEA= .056-0.066, Estimated RMSEA=.061) were 
acceptable, but did not show a perfect fit (RMSEA <.06 indicates a good fit). Furthermore, 
studies of  Blair (2013) and Fite, Colder, and Pelham (2006) also showed three different 
subtypes of aggression, suggesting that the three-factor model is likely not an artifact of 
our sample. Because of these results and no optimal solution of the CFA was found, an EFA 
was conducted to examine how many factors best described the RPQ (see Table 1 for the 
fit indices). Results showed a better fit of the three factor model, as compared to the two 
factor model and four factor model (See Table 1). Moreover, the items of the  two factor 
model from the EFA did not correspond with the items of the original two factor model 
used in the CFA.
Table 1: a)  Fit indices of the Confirmatory Factor analysis (original 2-factor model) and 
Exploratory Factor Analysis based on the RPQ.
 
Factor structure TLI CFI RMSEA Estimated RMSEA Eigen-value
CFA .954 .958 0.056-0.066 .061 -
EFA
2-factors .958 .965 0.053-0.063 .058 1.46
3-factors .974 .981 0.040-0.052 .046 1.33
4-factors .988 .982 0.032-0.045 .038 0.891
The three factor model shows the best fit, since the Eigen-value is >1, the RMSEA <.06 and the 
TLI and CFI are >.90. Furthermore, the two factor model did not correspond with the original 
two factor model as used in the CFA.
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In the three factor model, the proactive factor was replicated, but the reactive factor was 
divided into two factors: “reactive aggression due to internal frustration” and “reactive 
aggression due to external provocation”, respectively. See Table 2 for the factor loadings, 
with a factor loading of ≥ .40 indicating a strong factor loading. Naming the factor “reactive 
aggression due to internal frustration” was based on the items with the highest factor 
loadings, like “Become angry or mad when you don’t get your way”; “Gotten angry when 
frustrated” and “Gotten angry or mad when you lost a game”. Also, a negative association 
was found with items “Carried a weapon to use in a fight”; “Used force to obtain money 
or things from others”; “Had a gang fight to be cool”; “Had fights with others to show 
who was on top”; “Hit others to defend yourself”. This shows this form of aggression to 
be mainly based on aggression due to inflexibility, being stubborn and internal frustration 
rather than proactive aggression or external provocation. Furthermore, naming the factor 
“reactive aggression due to external provocation” was mainly based on the items “Hit 
others to defend yourself”,  “Reacted angrily when provoked by others” or “Gotten angry 
when others threatened you”. Negative associations were found with items regarding 
winning a game, inflexibility, making obscene phone calls for fun or the use of force to 
obtain money. This shows that this form of reactive aggression is mainly based on external 
provocation and threat rather than the use of aggression for personal gains or aggression 
due to inflexibility. It is of interest that the items on factor 3 also load on the proactive 
factor, but do not load or even negatively load on the “reactive aggression due to internal 
frustration”, like “carried a weapon to use in a fight” or “had fights with others to show who 
was on top”. These items are all related to threat and provocation in relation to others, and 
not to inflexibility. The inter-correlations between these three factors were moderate to 
high (r’s between .635 and .680 with p’s < .001), indicating that these are distinguishable 
but strongly correlated dimensions of aggression. The three factors showed good reliability 
(Cronbach’s alpha=.88 (proactive), .76 (reactive internal frustration), .82 (reactive external 
provocation). 
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Table 2:Factor loadings of the EFA based on the RPQ questionnaire
RPQ Items and factor loadings Factor 1 
(Proactive 
aggression)
Factor 2 
(Reactive 
internal 
frustration)
Factor 3 
(Reactive 
external 
provocation)
15: Used force to obtain money or 
things from others
0.959 -0.205 - 0.045 Factor 1
12: Used physical force to get others to 
do what you want
0.745 0.077 0.048 Factor 1
23: Yelled at others so they would do 
things for you
0.715 0.157 0.004 Factor 1
20: Gotten others to gang up on 
someone else
0.677 0.127 0.002 Factor 1
4: Taken things from other students 0.674 0.071 0.047 Factor 1
18: Made obscene phone calls for fun 0.669 0.031 -0.159 Factor 1
6: Vandalized something for fun 0.634 0.010 0.084 Factor 1
9: Had a gang fight to be cool 0.658 - 0.112 0.230 Factor 1
10: Hurt others to win a game 0.654 0.019 -0.006 Factor 1
17: Threatened and bullied someone 0.592 0.094 0.185 Factor 1
21: Carried a weapon to use in a fight 0.596 -0.183 0.362 Factor 1  > 0.40
2: Had fights with others to show who 
was on top
0.493 - 0.009 0.406 Factor 1 → in line with the 
original proactive factor
11: Become angry or mad when you 
don’t get your way
-0.039 0.910 -0.008 Factor 2
5: Gotten angry when frustrated 0.029 0.756 0.095 Factor 2
13: Gotten angry or mad when you lost 
a game
0.201 0.462 -0.092 Factor 2
1: Yelled at others when they have 
annoyed you
0.062 0.427 0.362 Factor 2 > 0.40
8: Damaged things because you felt 
mad
0.296 0.352 0.302 Factor 2 → highest loading but 
is very low on all the factors
19: Hit others to defend yourself 0.150 0.000 0.727 Factor 3
14: Gotten angry when others 
threatened you
-0.029 0.190 0.647 Factor 3
22: Gotten angry or mad or hit others 
when teased
0.176 0.101 0.571 Factor 3
16: Felt better after hitting or yelling 
at someone
0.369 0.177 0.349 Factor 3 → because this is 
originally an reactive item, we 
did not use it on factor 1.
3: Reacted angrily when provoked by 
others
-0.017 0.421 0.509 Factor 3 → highest loading but 
is also associated with F2
7: Had temper tantrums 0.100 0.404 0.426 Factor 3 → highest loading but 
is also associated with F2
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Multi-level latent class analysis 
The multi-level LCA identified four different classes based on the best fit of the model (BIC) 
and best fit of each individual into a specific class (Entropy) (Table 3). For the sake of clarity, 
we labeled the classes as follows. Class 1 is characterized as “Low  levels of aggression” 
(N=220; 37.5%); Class 2 as “Predominantly reactive aggression/low proactive aggression” 
(Moderate RA) (N=222; 37.8%); Class 3 as “Proactive and reactive aggression (higher 
provocation induced aggression compared to frustration-induced aggression)” (PA & RA) 
(N=97; 16.5%), and Class 4 as “Severe proactive and reactive aggression (no differences 
between frustration-induced and provocation-induced reactive aggression)”(severe PA & 
RA) (N=47; 8%) (Figure 1). One person was removed from the analysis due to missing values 
on each of the three factors. 
Results were robust across the four different studies from which the data have been 
aggregated in the multi-level LCA (Supplement S2). These four classes did not differ in age, 
gender ratio, IQ and ethnicity. All classes had significantly lower scores for proactive than 
for the two factors of reactive aggression (within-subject analyses; Table 4). Further, class 
1 (subclinical aggression) and class 4 (severe PA & RA) showed no significant differences 
between factor 2 “reactive aggression through internal frustration” and factor 3 “reactive 
aggression through external provocation” (p=.18 and p=.06 respectively), whereas class 
2 (Moderate RA) and class 3 (PA & RA) did. The between-class comparison revealed main 
effects of class for all three aggression factors, with post-hoc tests indicating that scores 
for all factors were significantly higher in class 4 (severe PA & RA), followed by class 3 (PA & 
RA), class 2 (RA) and finally class 1 (low levels of aggression) (i.e., class 1 < class 2 < class 3 < 
class 4; see Table 4). Results were similar when age, gender, IQ and ethnicity were included 
as covariates in the between-comparison analysis (still a significant main effect of class). 
There was a small class by gender interaction effect for the factors proactive aggression 
and reactive aggression due to internal frustration. Post-hoc analyses indicated that boys 
showed overall higher levels of proactive aggression, and girls showed higher levels of 
reactive aggression due to internal frustration. However, within class differences were 
overall very similar for boys and girls (see supplement S4), suggesting gender not to be an 
important moderator of the individual-based analyses. However, class by age interaction 
effects were found for all three factors (p-values between p=.002 and p=.016). Post-hoc 
analyses indicated that reactive aggression due to external frustration was lowest with 
older age in all classes (class 1: r= -.14, class 2: r= -.13, class 3: r= -.05) except in the most 
affected one (class 4: r=.107). Similarly, reactive aggression due to internal frustration was 
lowest in older subjects in the two least affected classes (class 1: r= -.09, class 2: r= -.04) but 
highest in older subjects in the two more severely affected classes (class 3: r=.14, class 4: 
r=.15). These differential age-effects were not substantially present for proactive aggression, 
showing no substantial relation to age in any of the classes (class 1: r= -.06, class 2: r= -.05; 
class 3: r=<.01; class 4: r= -.03.As such, important age moderating effects were detected 
in our re-analyses of the data, suggesting in addition to quantitative (severity) aspects, the 
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four identified classes also appeared to be discriminated by potentially transient/remitting 
versus aggravating forms of reactive aggression with increasing age (albeit note that our 
sample was cross-sectional in nature, longitudinal analyses are needed to confirm this 
observation) (see, Figure 2). No significant interaction effect of class by  IQ (p=.29) and 
class by ethnicity(p=.08) was found.
Table 3: Fit indices of the Latent Class Analysis (LCA). Values in bold show the best model fit.
Amount of classes                                                                             BIC                        Entropy
2 classes 10063,02 .962
3 classes 9840,87 .920
4 classes 9769,15 .907
5 classes 9785,04 .902
6 classes 9789,87 .879
The four classes show the best fit, since in this model the BIC is the lowest and the Entropy 
is high. 
Figure 1: Mean factor sum scores of the RPQ questionnaire per class.
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Figure 2: Moderator effect of age by class, per factor.
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Table 4 Demographic characteristics of the four classes, derived from the Latent Class Analysis.
Class 1
Low level of 
aggression
n=220
Class 2
Moderate RA
n=222
Class 3
RA& PA 
n=97
Class 4
Severe RA & PA 
n=47
Significance (p-value) 
of between-class 
comparison
Age (M, SD) 15.8 (2.02) 15.6 (1.92) 15.7 (1.74) 15.1 (1.46) NS *
% Male 73.6% 73.9% 68% 57.4% NS 
Ethnicity 
(% non-Caucasian)
53.6% 48.2% 51.5% 57.4% NS 
IQ (M, SD) 90.18 (15.65) 87 (15.34) 86.33 (14.86) 89.68 (12.4) NS 
Study % * 1=19.8% 
2=31.7% 
3=51.3% 
4=50.5%
1=51.9% 
2=33.2% 
3=34.4% 
4=34.0%
1=21.4% 
2=18.6% 
3=13.6% 
4=10.7%
1=6.9% 
2=16.1% 
3=0.6% 
4=4.9%
p<0.001
Between Class Comparisons (weighted mean scores)**
F1: RPQ proactive 0.09 (0.11) 0.27 (0.15) 0.76 (0.16) 1.27 (0.21) p<.001;1<2<3<4*** 
F2: RPQ reactive 
internal frustration 
0.48 (0.28) 0.99 (0.31) 1.25 (0.38) 1.62 (0.32) p<.001; 1<2<3<4***
F3: RPQ reactive 
external 
provocation  
0.44 (0.25) 1.08 (0.30) 1.51 (0.32) 1.73 (0.24) p<.001; 1<2<3<4*** 
Within Class Comparisons
F1 vs. F2 p<.001 p<.001 p<.001 p<.001
F2 vs. F3
F1 vs. F3
NS
p<.001
p<.001
p<.001
p<.001
p<.001
NS
p<.001
*NS=Not significant. Study: 1=School in Rotterdam; 2=Closed youth care facility 3=committed 
crime before the age of 12 and 4=delinquent diversion program. **Weighted mean score = 
mean of the RPQ factor/total items of the scale.*** Also when corrected for age, gender, IQ 
and ethnicity. 
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Correlations 
We assessed the correlation of the three RPQ factors with DSM-based behavioral scales, 
and broad band internalizing, externalizing and total problem behavior scale scores of the 
YSR and CBCL. The three RPQ factors were significantly correlated with almost all YSR and 
CBCL scores. As expected, the strongest correlations (r’s > .50) were found between the 
three RPQ aggression factors and total externalizing behavior problems and the ODD, CD 
and ADHD problem scales. The overall patterns of correlations were very similar for the 
three RPQ aggression factors (Table 5). However, some support for differential relationships 
was found using the test of difference between different correlations. Proactive aggression 
was significantly stronger correlated with lower levels of internalizing problems and higher 
levels of CD problems than the two reactive scales; both reactive aggression scales were 
significantly stronger correlated with ADHD compared to the proactive aggression scale, 
and “reactive aggression due to internal frustration” was significantly stronger correlated 
with anxiety problems (YSR not CBCL) than proactive aggression and reactive due to 
external frustration (see Table 5 for details). 
Behavioral profiles of the indicated classes
Significant main class effects were found for all of the DSM related CBCL and YSR scales 
(except for CBCL somatic problems). Post-hoc analysis revealed that, in most cases, problem 
scores were significantly lower in class 1 (“low aggression”) compared to the other classes 
(Table 6 and Supplement S3). 
 Overall, the two most severe classes (“PA & RA” and “Severe PA & RA”) showed 
significantly higher scores on the ADHD, ODD and CD scales of the YSR and CBCL, compared 
to the other classes (Table 6). Clinical severity levels were only reached by the “severe PA 
& RA” class on the CD scale, while the “PA & RA” class reached a subclinical CD symptom 
level (higher provocation-induced aggression compared to frustration-induced aggression). 
The average score on the ADHD and ODD scales did not reach a (sub) clinical level threshold 
in any of the classes. The results of the total problem scales indicate that both proactive 
and reactive classes showed significantly higher, and (sub)clinical levels of externalizing 
problem behavior (Table 6). The internalizing behavior problems scale did not reach (sub)
clinical levels in any of the classes but was higher in the aggressive classes compared to 
the low level of aggression. The total problem scale did not significantly differ between 
classes. Thus, in contrast to our prediction, there were no differential associations 
between the latent classes and scores on the YSR and CBCL questionnaires. In fact, all 
association between classes and scores on YSR and CBCL reflected a severity gradient 
from class 1 up to class 4. In addition, multiple regression analyses were conducted to 
examine possible suppression relationships. Results showed that in comparison to the 
zero-order correlations, where reactive and proactive aggression tended to relate similarly 
to internalizing and externalizing symptoms, suppressing relationships were found when 
reactive and proactive forms of aggression were analyzed simultaneously in relation to 
externalizing and internalizing symptoms. This underlines the high interrelatedness of the 
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three factors. Of interest was that “reactive aggression due to internal frustration” was 
the strongest predictor of CBCL and YSR internalizing problems. Furthermore, externalizing 
problems were predicted by both proactive and reactive aggression due to external 
provocation, see Table 7. 
Table 5 Correlations between the three RPQ factors and the DSM scales of the CBCL and YSR 
questionnaires. 
YSR DSM 
scales
YSR 
Affective
YSR 
Anxiety
YSR 
Somatic
YSR 
ADHD
YSR 
ODD
YSR CD YSR 
internalizing
YSR
externalizing
YSR Total
F1: 
r
p-value
.270
<.001
.134#
.005
.159
.001
.351#
<.001
.505
<.001
.659#+
<.001
.280#+
<.001
.606
<.001
.503
<.001
F2: 
r
p-value
.331
<.001
.266#, ^
<.001
.214
<.001
.460#
<.001
.508
<.001
.503#^
<.001
.414#
<.001
.587
<.001
.551
<.001
F3: 
r
p-value
.279
<.001
.176 ^
<.001
.183
<.001
.403
<.001
.514
<.001
.589+^
<.001
.370+
<.001
.608
<.001
.550
<.001
CBCL DSM 
scales
CBCL 
Affective
CBCL 
Anxiety
CBCL 
Somatic
CBCL 
ADHD
CBCL 
ODD
CBCL 
CD
CBCL 
internalizing
CBCL 
externalizing
CBCL 
Total
F1: 
r
p-value
.208
<.001
.162
.003
.029
NS*
.333
<.001
.361
<.001
.425#,
<.001
.194
.001
.435
<.001
.345
<.001
F2: 
r
p-value
.257
<.001
.184
.001
.082
NS
.323
<.001
.311
<.001
.329#,
<.001
.240
<.001
.393
<.001
.318
<.001
F3: 
r
p-value
.266
<.001
.164
.002
.046
NS
.306
<.001
.362
<.001
.387
<.001
.198
<.001
.441
<.001
.351
<.001
*NS=Not significant; #=F1 ≠ F2; ^ =F2 ≠ F3; + = F1≠  F3(2-tailed p<0.05). F1=Proactive 
aggression; F2=Reactive aggression due to internal frustration; F3=Reactive aggression 
due to external provocation. 
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Table 6: CBCL and YSR subscale mean score and standard deviation (SD) of the different classes.
YSR DSM scales Class 1 (“Low”) Class 2  
(“Moderate RA”)
Class 3 
(“RA&PA”)
Class 4 
(“severe RA&PA”)
p-values
YSR affective 54.10 (6.48)  56.77 (7.41) 59.48 (9.01) 60.79 (8.91) F(3,446)=13,69; p <.01; 2=3, 
3=4; 1<2<4; 1<3;  ƞp2=0.084
YSR anxiety 52.02 (4.12) 53.59 (5.78) 54.58 (6.46) 54.27 (4.50) F(3,432)=5,18; p =.002; 
2=3=4; 1=4; 1<2;  1<3; ƞp2 
=0.035
YSR somatic 54.11 (6.72) 56.61 (8.38) 58.14 (9.43) 58.14 (9.49) F(3,430)=5,75; p=.001; 
2=3=4; 1<2; 1<4; 1<3; ƞp2 
=0.038
YSR ADHD 52.72 (4.63) 57.09 (6.70) 59.98 (7.89) 60.26 (8.43) F(3,344)=30,62; p<.001; 3=4; 
1<2<3; 2<4; 1<4; ƞp2 =0.17
YSR ODD 51.89 (3.63) 56.27 (6.55) 60.82 (8.19) 63.58 (8.28) F(3,441)=57,18; p<.001; 3=4; 
1<2<3; 2<4; 1<4;ƞp2 =0.28
YSR CD 53.60 (4.85) 58.08 (6.67) 67.34 (9.12) 71.02 (10.29) F(3,437)=105,09; p<.001; 3=4; 
1<2<3; 2<4; 1<4;  ƞp2 =0.41
YSR internalizing 44.46 (10.07) 49.94 (10.42) 53.77 (10.45) 54.43 (8.23) F (3,412)=18,92; p<.001; 
2=3=4;  1<2; 1<3; 1<4; ƞp2 
=0.121
YSR externalizing 47.53 (8.85) 56.23 (9.18) 65.52 (10.42) 69.82 (8.65) F(3. 410)= 88.69; p<.001; 
1<2<3; 1<2<4; 3=4; ƞp2 =.394
CBCL DSM scales Class 1 (“Low”) Class 2 
(“Moderate RA”)
Class 3 
(“RA&PA”)
Class 4 
(“severe RA&PA”)
p-values
CBCL affective 57.49 (7.75) 60.74 (8.60) 62.50 (8.84) 63.17 (9.47) F (3,333)=7.36; p<.001; 
2=3=4; 1<2; 1<3; 1<4; 
ƞp2=0.062
CBCL anxiety 54.76 (6.52) 57.22 (7.49) 58.33 (7.71) 58.03 (6.16) F(3,338)=4.94; p=.002; 2=3=4; 
1=4;1<2; 1<3; ƞp2=0.042
CBCL somatic 56.57 (8.48)  56.75(9.19) 56.96 (8.41) 57.69 (9.18) F(3,344)=0.15, p=0.927
CBCL ADHD 55.93 (7.35)  59.02 (7.74) 62.11 (7.17) 63.88 (8.14) F(3,342)=15.32; p<.001; 2=3; 
3=4; 1<2<4; 1<3;ƞp2=0.118
CBCL ODD 55.31 (7.05)  58.67(7.62) 63.29 (8.22) 63.74 (7.75) F=3,339)=20,69; p<.001; 
1<2<3;1<2<4;3=4;ƞp2=0.155
CBCL CD 57.10 (8.17) 60.24 (7.66) 66.62 (9.12) 68.57 (10.29) F(3,320)=27,46; p<.001; 
1<2<3;1<2<4;3=4;ƞp2=0.205
CBCL internalizing 52.008 (10.73) 55.79 (10.85) 57.84 (9.52) 58.72 (9.00) F (3,285) = 5.45; p=.001;  
2=3=4;  1<2; 1<3; 1<4; 
ƞp2=0.054
CBCL 
externalizing
52.47 (12.47) 59.90 (10.16) 65.97 (10.32) 70.57 (7.09) F (3,289)=27,98; p<.001; 
1<2<3; 1<2<4; 3=4; 
ƞp2=0.225
ƞp2 = partial effect size.
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Overall, the two most severe classes (“PA & RA” and “Severe PA & RA”) showed significantly 
higher scores on the ADHD, ODD and CD scales of the YSR and CBCL, compared to the 
other classes (Table 6). Clinical severity levels were only reached by the “severe PA & RA” 
class on the CD scale, while the “PA & RA” class reached a subclinical CD symptom level 
(higher provocation-induced aggression compared to frustration-induced aggression). The 
average score on the ADHD and ODD scales did not reach a (sub) clinical level threshold 
in any of the classes. The results of the total problem scales indicate that both proactive 
and reactive classes showed significantly higher, and (sub)clinical levels of externalizing 
problem behavior (Table 6). The internalizing behavior problems scale did not reach (sub)
clinical levels in any of the classes but was higher in the aggressive classes compared to 
the low level of aggression. The total problem scale did not significantly differ between 
classes. Thus, in contrast to our prediction, there were no differential associations 
between the latent classes and scores on the YSR and CBCL questionnaires. In fact, all 
association between classes and scores on YSR and CBCL reflected a severity gradient 
from class 1 up to class 4. In addition, multiple regression analyses were conducted to 
examine possible suppression relationships. Results showed that in comparison to the 
zero-order correlations, where reactive and proactive aggression tended to relate similarly 
to internalizing and externalizing symptoms, suppressing relationships were found when 
reactive and proactive forms of aggression were analyzed simultaneously in relation to 
externalizing and internalizing symptoms. This underlines the high interrelatedness of the 
three factors. Of interest was that “reactive aggression due to internal frustration” was 
the strongest predictor of CBCL and YSR internalizing problems. Furthermore, externalizing 
problems were predicted by both proactive and reactive aggression due to external 
provocation, see Table 7. 
Table 7: Multivariate regression analysis (forward-methods), contribution of three factors in 
one model. 
YSR CBCL
Internalizing Externalizing Internalizing Externalizing
Forward# Zero-
order
Forward Zero-
order
Forward Zero-
order
Forward Zero-
order
Proactive aggression (Factor 1) NS .28** .36** .61** NS .19** .26* .44**
Reactive aggression internal frustration 
(Factor 2a)
.30** .41** 24** .59** .19* .24** NS .39**
Reactive aggression external provocation
(Factor 2b)
.16** .37** .20** .61** NS .20** .23** .44**
Shared variance 
(Total model R-square)
.24 .53 .08 .29
Significant F-change
p-value
.024 <.001 .006 .007
NS=Not significant; ** p<.001; * p<.005. # Multivariate regression analysis, forward methods 
with all three factors as predictors taken together.
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Discussion
This study was designed to examine whether proactive and reactive aggression are 
meaningful distinctions at the variable- and person-based level, and to determine their 
associated behavioral profiles. These aims were examined in 587 adolescents (mean 
age 15.6; 71.6% male) from clinical samples of four different sites. The variable-based 
approach (factor analyses) yielded a three factor solution that was robust across the four 
different recruitment sites, consisting of proactive aggression and two forms of reactive 
aggression: reactive aggression due to internal frustration and reactive aggression due to 
external provocation. Proactive aggression was significantly correlated with lower levels 
of internalizing problems and higher levels of conduct problems; and “reactive aggression 
due to internal frustration” was significantly stronger correlated with anxiety problems and 
ADHD problems. Also, internalizing problems rated by parents were uniquely predicted by 
“reactive aggression due to internal frustration” and self-reported internalizing problems 
predicted by both subtypes of reactive aggression. However, results showed moderate to 
high overlap between all three factors. Also, despite the finding that on a variable-based 
level three different types of aggression seem to be distinguished, the person-based 
approach (multi-level LCA) identified four classes that mainly differed quantitatively (no 
“proactive-only” class present), yet also qualitatively when age was taken into account, 
with reactive aggression becoming more severe with age in the highest affected class yet 
diminishing with age in the other classes. No proactive-only group could be determined, 
suggesting that proactive aggression does not exist without reactive aggression or that 
adolescents with proactive-only aggression are not being referred to clinical practice. 
 The main findings of the variable-based approach showed that proactive and reactive 
aggression can be distinguished. However, in line with a recent review of Blair (2013) and 
study of Fite et al. (2006), our factor model favored a three factor solution instead of the 
expected two factor solution, with “a proactive factor”, a factor “reactive aggression due 
to internal frustration” and a factor “reactive aggression due to external provocation”. 
These three factors thus reflected distinguishable but moderate correlated aspects of 
aggression. Also, the factor “reactive aggression due to external provocation” only revealed 
three unique items, however this detracts not from the finding that the 3-factor solution 
described presents the best and justified factor solution. Moreover, a similar three factor 
model of Blair (2013) was based on neurobiological data to differentiate between “proactive 
aggression” and “frustration-based reactive aggression”, putatively linked to decreased 
striatal and ventromedial prefrontal cortex responsiveness, and “threat-based reactive 
aggression”, associated with increased amygdala responsiveness (Blair, 2013). “Frustration-
based aggression” is supposed to partly arise as a consequence of inflexibility to changes 
in the environment, impairments in decision making and is linked to psychopathy and 
callous-unemotional traits (CU-traits), which seems to correspond with our factor “reactive 
aggression due to internal frustration”. Furthermore, our “reactive aggression due to 
external provocation” seems to correspond with the “threat-based aggression” (linked 
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to anxiety and social provocation) since several factor items focus on aggression due to 
threats or provocation by other people. Our data thus support the hypothesis that reactive 
aggression may be meaningfully distinguished into frustration-based and threat-based 
aggression. 
 Further, we hypothesized differential associations between the aggression factors and 
YSR and CBCL subscales (Table 5). To be more specific, we expected proactive aggression 
to be associated with increased levels of conduct disorder symptoms. This hypothesis was 
confirmed. Overall, very similar associations between all the three factors and ODD/CD 
scores were reported (all r >.50). However, proactive aggression was significantly stronger 
correlated with YSR and CBCL conduct disorder problems (CD) than the two reactive forms 
of aggression.  Furthermore, associations between reactive and proactive aggression and 
anxiety, affective, somatic and total internalizing symptoms were very similar. However, 
the YSR (but not CBCL) anxiety scale was significantly stronger correlated with “reactive 
aggression due to internal frustration” compared to the proactive and the “reactive 
aggression due to external provocation”. This is in line with our hypothesis that reactive 
aggression is associated with anxiety, but in contrast with the model of Blair (2013) where 
“threat-based reactive aggression” was associated with anxiety problems. This could be 
explained by the fact that the items of the YSR and CBCL anxiety scale mainly focus on fear 
of animals, going to school, being worried and nervous, and do not focus on being anxious 
because of threats or provocation, causing a low level of anxiety in the present study. Also, 
similar associations between ADHD and the three different factors were found, but with 
significant stronger correlations between the YSR ADHD scale (not the CBCL scale) and the 
“frustration-based” reactive aggression factor, compared to the “proactive factor”. This is 
in line with previous research showing inhibition and inattention problems within reactive 
aggression. Furthermore, the model of Blair shows impaired levels of decision making in the 
“frustration-based” reactive factor, which is also associated with ADHD problems (Luman, 
Tripp, & Scheres, 2010).  Internalizing problems were significantly stronger associated with 
the two forms of reactive aggression compared to the proactive form of aggression, which 
is in line with results of a meta-analysis of Card and Little (2006) regarding proactive and 
reactive aggression in children and adolescents. Multiple regression analyses showed that 
internalizing problems were uniquely predicted by “reactive aggression due to internal 
frustration” rated by parents and predicted by both subtypes of reactive aggression on self-
report. Externalizing behavior problems were predicted by all three factors on self-report, 
and by proactive and reactive aggression due to external provocation on parent-report. 
However, high interrelatedness of the three factors was shown.
 The main results of  person-based approach (multi-level LCA) revealed four classes that 
were characterized by different levels of severity, but with some qualitatively differences 
when age was taken into account. We were unable to find support for our hypothesis that 
we would identify individuals with predominantly proactive aggression without reactive 
aggression. No crossing lines (showing high proactive aggression with low reactive 
aggression or vice versa) were shown; only gradient, parallel lines of severity. Also, results 
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showed that proactive aggression was not present without reactive aggression in the 
most severe classes. This shows that moderately severe reactive aggression was present 
without clinically relevant levels of proactive aggression, but also more severe reactive 
aggression is generally accompanied by proactive aggression. This is in line with previous 
research of children between 9-14 years old (Crapanzano et al., 2010), showing severity-
based subgroups of aggressive individuals, and no proactive-only group. The joint presence 
of proactive and reactive aggression in the same individuals could be explained in part 
through how aggression was measured. The correlation between reactive and proactive 
aggression has found to be lower in observation and computer tasks, as compared to 
studies using (self-report) questionnaires (Polman et al., 2007). Moreover, it is possible 
that a proactive-only group does exist in population samples, but not in clinical samples, 
as this subtype may be less overt (Kempes et al., 2005) and hence does not automatically 
lead to clinical referral or contacts with police or justice. However, proactive and reactive 
aggression may be more distinguishable in a population sample. In clinical samples with 
increasing overall severity of aggression the clinical relevance of these subtypes may be 
less clear. 
 Furthermore, no moderating effect of gender was found, which is in line with a meta-
analysis of 51 studies regarding proactive and reactive aggression (Polman et al., 2007)  In 
addition, age moderating effects were found, with the more severe class showing highest 
severity of reactive aggression in older subjects, whereas the two least affected classes 
showed lowest levels of reactive aggression in older subjects. No effect of age was found 
in proactive aggression. This could implicate that the severity level of reactive aggression 
–but not proactive aggression- may changed over time (but note, our data were cross 
sectional in nature, longitudinal data are needed to confirm this). A previous study of 
Connor, Steingard, Cunningham, Anderson, and Melloni (2004) is in line with our findings 
showing that in 5 to 18 year old psychiatric referred children reactive aggression –but 
not proactive aggression- was lowest in older subjects. In contrast, a longitudinal study 
of Barker et al. (2006) showed that reactive aggression and proactive aggression tend to 
develop similar trajectories in 13-18 year old high-risk boys. This could be explained by the 
fact that probably younger adolescents with higher levels of proactive aggression were 
not included in this study and that reactive aggression often appears earlier in life than 
proactive aggression (Merk et al., 2007). This might indicate that low to moderate levels 
of reactive aggression in younger adolescents seems to be more “normal” at younger age 
when coping strategies are still lacking. However, when not diminishing with age this may 
become more persistent and severe at older age. This suggests that treatment is needed to 
prevent aggravating levels of aggression in reactive aggression (and co-occurring proactive 
aggression). Reactive aggression due to internal frustration seems to be even more 
aggravating over age than reactive aggression due to external provocation. Furthermore, 
reactive aggression will give more insight in development of aggression over time than 
proactive aggression, since both types of aggression co-occur at all levels of severity and 
no age effect of proactive aggression was found. Overall, clinicians should take age and 
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the development of aggression levels into account, since younger adolescents with higher 
levels of reactive aggression are at risk to develop more severe levels of reactive aggression 
(in combination with proactive aggression) at older age. However, future research should 
be done including longitudinal data to replicate this age by class effect. 
 We hypothesized differential associations on the person-based approach between 
aggression classes and internalizing and externalizing scores of the YSR and CBCL (Table 6). 
Classes with more severe proactive (and reactive) aggression showed higher scores on the 
ADHD, ODD, CD, and externalizing scales of YSR and CBCL, but this appeared to be driven 
by overall severity of aggression. Furthermore, no clinically relevant anxiety was found in 
any of the latent classes.
 This study had some limitations. First of all, the RPQ is a self-report questionnaire and 
therefore answers could be biased or social desirable. However, observation methods, 
teacher questionnaires or computer task can be biased as well (Polman et al., 2007), 
therefore a combination of both should be used. Future research should include results 
of multiple informants and assessments to prevent this bias. Furthermore, we did not use 
a population sample, which could lead to selection bias and an incomplete sample where 
possible subgroups (proactive-only) have been left out. Moreover, more boys were included 
than girls and the YSR and CBCL data were not complete for every group that was included 
in this study. Also, this study only included “function” of aggression (proactive vs reactive), 
but not “form” of aggression (i.e., physical or relational aggression) which has been 
distinguished in previous research (Marsee et al., 2014). Future research should include 
both forms and functions of aggression and more girls in studies regarding aggression 
problems or conduct disorder problems. In addition, this study used cross-sectional data 
and no longitudinal data. Finally, our data-base did not include contextual information, 
which is information about whether and which environmental triggers and cues elicited 
aggression in our participants. 
 Overall, the variable-based analyses demonstrate that proactive and reactive aggression 
can be distinguished.  In fact, three distinguishable but strongly correlated factors of 
aggression were identified. The original proactive factor and reactive aggression was 
divided into two different forms; “reactive aggression due to internal frustration” and 
“reactive aggression due to provocation”. These three forms of aggression show, besides 
similar and overlapping behavioral associations, also some specific associations; namely 
lower associations with internalizing problems and higher associations with CD in proactive 
aggression; higher associations of anxiety, ADHD and internalizing problems were found in 
the “reactive aggression due to internal frustration”. 
 However, despite the fact that proactive and reactive aggression can be distinguished 
at the variable-based level, the clinical relevance of these findings is challenged by the 
person-based analysis showing proactive and reactive aggression are mainly driven by 
aggression severity. In all classes reactive aggression was higher than proactive aggression 
and no proactive-only group was found. However, if proactive aggression is present (in 
combination with reactive aggression), clinical levels of conduct disorder and externalizing 
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behavior problems are reported. In addition, the class by age interaction effect showed 
that both forms of reactive aggression might develop over time. Younger adolescents with 
higher levels of reactive aggression in the least affected classes, may develop more severe 
levels of reactive and proactive aggression over time. This suggests that reactive aggression 
is a more “normal” phenomenon at younger age. However, when not diminishing with age 
it may be a marker for the most severe aggression in older adolescents. Although it seems 
reasonable that subjects showing high levels of proactive and reactive aggression, and 
younger adolescents who are at risk of developing more severe reactive aggression warrant 
more intensive respectively preventative treatment than those showing reactive aggression 
only, future research should address the question of differential responsivity to treatment. 
The moderate reactive group (with lower levels of proactive aggression) seems to require 
less intensive treatment (Vitaro et al., 2006). Clinicians should be aware that children and 
adolescents with aggressive behavior and/or with clinical levels of externalizing behavior 
problems, are at risk to develop severe levels of aggression in future. Therefore, levels 
of aggression or behavioral problems should be measured at baseline in clinical practice. 
Also, since individuals with proactive aggression probably are not always referred to clinical 
practice, children and adolescents with impending characteristics of proactive aggression 
(in combination with reactive) should be referred to prevent future behavioral problems. 
Future research should focus on the differentiating and/or overlapping neurocognitive (i.e., 
impaired decision making), neural, biologic, behavioral (CU-traits, trauma) and genetic 
profiles of the three different aggression factors (proactive, frustration-induced and threat-
induced). This would enable to explore whether a distinction of aggression based on these 
profiles would produce a stronger differentiation than a distinction based on observable 
behaviors.
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Supplemental material
Supplement 1: Model used in the multi-level Latent Class Analysis. The model shows the 
23-items that underlie the 3 factors that were found in the EFA (straight lines). The factor 
loadings are shown in Table 2. Furthermore, the model shows the four different classes that 
were revealed from the LCA and their relation (dashed lines) with the three different factors 
(see Figure 1). The model corrected for within-center measurement bias, by taking the differ-
ent studies into account (dotted lines). See Table 4 for the distribution of the studies among 
the revealed classes. 
Study 1 Study 2 Study 3 Study 4
Class 1 Class 2 Class 3 Class 4
Factor 1
2
Factor 2 Factor 3
Studies
Classes
Factors
RPQ items
1
3 7 14 16 19 22
5 8 11 13
4 6 9 10 12 15 17 18 20 21 23
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RPQ Items and factor loadings Factor 1
(Proactive 
aggression)
Factor 2
(Reactive internal 
frustration)     
Factor 3
(Reactive external 
provocation)    
15: Used force to obtain money or 
things from others
0.959        -0.205        - 0.045 Factor 1
12: Used physical force to get others to 
do what you want
0.745         0.077         0.048 Factor 1
23: Yelled at others so they would do 
things for you
0.715         0.157         0.004 Factor 1 
20: Gotten others to gang up on 
someone else
0.677         0.127         0.002 Factor 1 
 4: Taken things from other students 0.674         0.071         0.047 Factor 1 
18: Made obscene phone calls for fun 0.669         0.031         -0.159 Factor 1 
6: Vandalized something for fun 0.634         0.010         0.084 Factor 1
9: Had a gang fight to be cool 0.658        - 0.112         0.230 Factor 1 
10: Hurt others to win a game 0.654 0.019        -0.006 Factor 1 
17: Threatened and bullied someone 0.592         0.094         0.185 Factor 1 
21: Carried a weapon to use in a fight 0.596         -0.183         0.362 Factor 1  > 0.40
2: Had fights with others to show who 
was on top
0.493 - 0.009         0.406 Factor 1 → in line with 
the original proactive 
factor
11: Become angry or mad when you 
don’t get your way
-0.039       0.910        -0.008 Factor 2
5: Gotten angry when frustrated 0.029         0.756         0.095 Factor 2
13: Gotten angry or mad when you 
lost a game
 0.201 0.462        -0.092 Factor 2
 1: Yelled at others when they have 
annoyed you
0.062         0.427         0.362 Factor 2 > 0.40
8: Damaged things because you felt 
mad
0.296         0.352         0.302 Factor 2 → highest 
loading but is very low 
on all the factors
19: Hit others to defend yourself 0.150         0.000         0.727 Factor 3
14: Gotten angry when others 
threatened you
 -0.029         0.190         0.647 Factor 3
22: Gotten angry or mad or hit others 
when teased
0.176         0.101         0.571 Factor 3
16: Felt better after hitting or yelling 
at someone
0.369         0.177         0.349 Factor 3 → because 
this is originally an 
reactive item, we did 
not use it on factor 1.
Supplement 2:Factor loadings of the EFA based on the RPQ questionnaire
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3: Reacted angrily when provoked by 
others
-0.017         0.421         0.509 Factor 3 → highest 
loading but is also 
associated with F2
7: Had temper tantrums 0.100 0.404         0.426 Factor 3 → highest 
loading but is also 
associated with F2
Supplement 2: Continued
80
Supplement 3: a) Results of the LCA, combining the four different studies, b) results of the LCA 
showing the different studies separately per class. 
a)
b)  
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Supplement 4: The underlying behavior scales per different class. a) YSR DSM scales, b) CBCL 
DSM scales, c and d) YSR and CBCL internalizing and externalizing scales. The cut-off scores 
of the subclinical and clinical ranges are displayed in the figures. The error bars represent 1 
standard error. 
b)
a)
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c en d)
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Supplement 5:Class by gender effect
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Abstract
Background. Aggression is often divided in reactive and proactive aggression. Reactive 
aggression is though to be typically related to Blaming Others and Assuming the Worst, 
while proactive aggression relates to Self-Centeredness and Minimizing/Mislabelling. 
Aim. The current study investigated whether reactive and proactive aggression differentially 
related to cognitive distortions and if changes in these cognitions relate to changes in 
aggression. 
Methods. Adolescents enrolled in an evidence-based intervention to reduce aggression 
were included (n=151, 59.5% boys, mean age 15.05, SD 1.28). Due to attrition and 
anomalous responses the post-intervention sample involved 80 adolescents. Correlation 
and linear regression analysis investigated the relation between cognitive distortions and 
aggression. 
Results. Blaming Others was related to reactive aggression pre-intervention, while all 
cognitive distortions were related to proactive aggression pre- and post-intervention. 
Changes in reactive aggression were uniquely predicted by Blaming Others, while changes 
in proactive aggression were predicted by changes in cognitive distortions overall. 
Conclusion. To our knowledge the current study is the first to show the relationship 
between changes in cognitive distortions and changes in aggression. Treatment of reactive 
aggression may benefit from focusing primarily on reducing cognitive distortions involving 
misattributing blame to others. 
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Introduction
Aggression is a very heterogeneous concept for which various distinctions have been 
proposed (Anderson & Huesmann, 2003). A common approach is to subdivide aggression 
based on function or motive; defensive aggression is labelled as reactive aggression, 
whereas instrumental aggression is labelled as proactive aggression (Vitiello & Stoff, 1997). 
Literature has shown that despite high correlations of reactive and proactive aggression 
these subtypes have specific correlates such as peer status, biological measures and social 
information processing (Kempes et al., 2005). The Social Information Processing (SIP) 
model (Crick & Dodge, 1994) assumes that aggression originates from problems in social 
information processing. The division of reactive and proactive aggression seems particularly 
promising regarding the assumed underlying functions. Reactive aggression involves hostile 
attributions and is frustration based, while proactive stems from positive outcome learning 
(Merk et al., 2005). The SIP model assumes that in a social situation, behaviour is achieved 
by six sequential steps (see Crick & Dodge, 1994). Reactive aggression is thought to relate 
uniquely to difficulties in encoding and interpreting cues, whilst proactive aggression is 
thought to specifically relate to positive expectancies of aggression and personal gain (Crick 
& Dodge, 1994, 1996). Hostile attribution style or bias (HAS) is the tendency to attribute 
hostile intent to others and as such involves encoding and interpreting cues. Reactive 
aggression has been linked to HAS in adults (Lobbestael et al., 2013) and young children 
(de Castro et al., 2005). Proactive aggression has been shown to uniquely relate biased 
response evaluation in young children (de Castro et al., 2005) and detained girls (Marsee 
& Frick, 2007). More recently it has been shown that self-efficacy for competency and 
positive evaluation were related to reactive aggression in severe antisocial adolescents, 
and proactive aggression was related to overlooking consequences (Oostermeijer et al., 
2016). Overall, reactive and proactive aggression might involve distinct SIP problems. 
 Social information processing is influenced by mental structures in the ‘database’ which 
stores memories and past experiences (Crick & Dodge, 1994). This database includes 
mental structures and schemata’s, which are thought to influence the sequential SIP steps. 
In this regard social cognitions, specifically ‘self-serving’ cognitive distortions, are thought 
to contribute to harmful acts against others and are linked to aggression (Barriga et al., 
2008, 2000). These cognitions protect the self from developing a negative self-image, push 
the blame away from oneself, and promote harmful acts towards others. Four categories 
have been identified (Barriga & Gibbs, 1996; Gibb et al., 2001) which are considered as 
interrelated constructs¹; Self-Centered (SC), Blaming Others (BO) Minimizing/Mislabelling 
(MM) and Assuming the Worst (AW). SC involves according status to one’s own views, 
expectations, needs, rights, immediate feelings, and desires to such a degree that the 
legitimate views of others are rarely considered or are disregarded altogether. This 
suits well with a pursuit of personal gain, specifically thought to play a role in proactive 
aggression. Furthermore, as mentioned earlier, proactive aggression has been linked to 
biased response evaluation and less relationship endorsing goals (Crick & Dodge, 1996). In 
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this regard, MM involves depicting antisocial behaviour as causing no real harm or as being 
acceptable or even admirable, or referring to others with a belittling or dehumanizing label. 
These cognitive cognitions may play a role in the biased response evaluation observed in 
proactive aggression. Reactive aggression however, has been characterized by defence and 
perceived threat (Merk et al., 2005), which suits well with the cognitive distortion BO. This 
cognitive bias typically involves misattributing blame to outside sources, especially another 
person, group, or momentary aberration (one was drunk, high, in a bad mood, etc.), or 
misattributing blame for one’s victimization or other misfortune to innocent people. 
Furthermore, AW is gratuitously attributing hostile intentions to others, considering a worst-
case scenario for a social situation as if it were inevitable, or assuming that improvement is 
impossible in one’s own or another’s behaviour. This directly relates to HAS, implicated in 
reactive aggression, which possibly fosters the use of aggression as a defence mechanism. 
See Figure 1 for a visual representation of the afore mentioned relationships between the 
SIP steps, RA and PA, HAS and the self-serving cognitive distortions (adjusted from Crick & 
Dogde, 1994). 
Figure 1 Hypothesized relationship between Social Information Processing steps (1-6), reactive 
& proactive aggression and self-serving cognitive distortions. 
 
Note. SC= self-centeredness, BO= blaming others, MM= minimizing /mislabelling, AW= assum-
ing the worst. RA= reactive aggression, PA= proactive aggression. Adjusted Figure from Crick 
& Dodge (1994). 
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Koolen, Poorthuis, and van Aken (2012) showed that cognitive distortions regarding BO was 
related to reactive aggression, while SC was related to proactive aggression, note that both 
findings involved overt (confrontational) behaviour. Further research regarding cognitive 
distortions and reactive versus proactive aggression could provide more insight regarding 
the distinct social cognitions. However, to our knowledge no other studies have directly 
investigated cognitive distortions with regards to reactive and proactive aggression. In this 
regard, it may be important to consider gender, as a range of differences in aggression 
and its correlates have been shown for males and females, such as physiological and 
temperamental variables (Berkout et al., 2011). Previous literature has shown no differences 
between males and females regarding cognitive distortions and antisocial behaviours, 
although it was shown that females tended to have less cognitive distortions (Barriga 
et al., 2001). When studying reactive and proactive aggression gender differences have 
been shown (Connor et al., 2003). Possibly, self-serving cognitive distortions contribute to 
gender difference in reactive and proactive aggression.
 Promising treatments for antisocial behaviours involve cognitive-behavioural 
interventions (Lipsey et al., 2007). A meta-analysis has shown that cognitive-behavioural 
interventions have a medium effect size on reducing aggression in adolescents, however 
treatment predictors involved seem unclear (Smeets et al., 2015). Only two out of 25 
studies examined proactive and reactive aggression as a moderator for treatment outcome, 
and no effect of subtyping of aggression was reported. Typically these interventions aim to 
produce changes in cognition, feelings and behaviour (Kendall, 2011), targeting cognitive 
(antisocial) biases, beliefs, attributions and schemata’s to change problem behaviour. Such 
social-cognitive structures influence and mediate the decision-making process, connecting 
external situations to the outcome of social or antisocial behaviour (Huesmann, 1998). 
It remains unclear whether changes in distinct social cognitions are associated with 
behavioural changes in reactive and proactive aggression. In order to give indications for 
more tailored treatment or provide specific treatment targets for reactive versus proactive 
aggression longitudinal research is needed. 
 As such, the current study addresses the following issues; 1) are reactive and proactive 
aggression differentially related to the different types of self-serving cognitive distortions, 
2) are changes in these cognitions related to behavioural changes regarding reactive and 
proactive aggression after treatment. It is hypothesized that reactive aggression is typically 
related to BO and AW, while proactive aggression is typically related SC and MM (see Figure 
1). Furthermore it is expected that this is similar regarding changes in these cognitions in 
relation to changes in aggression 
Methods
Participants
Adolescents from a special school in Rotterdam for children with disruptive behavioural 
problems (n=125) and from a residential facility for severe behavioural problems in 
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Amsterdam (n=46) were included (see Figure 2). Participants displayed varying levels 
of aggression and were all enrolled in an evidence-based intervention aimed to reduce 
their aggression problems. The intervention was part of standard treatment at the special 
school. Adolescents from the residential facility were referred by a health care professional 
from the residential facility. All adolescents who were in the treatment program were 
approached to participate in the study. Written informed consent was obtained from 
every participant and parents or caregiver before enrolment in the study. Both studies 
were approved by the local Dutch ethical committee, CMO Arnhem/Nijmegen (registration 
number 2010/073, ABR number: NL 33231.091.10) and VUMC Amsterdam (registration 
number 2002/178, ABR number NL28476.029.09). 
 Participants were asked to fill in self-report questionnaires on aggression and self-serving 
cognitive distortions pre- and post-intervention. The How I Think (HIT) questionnaire used 
in the current study provides an Anomalous Responding (AR) score. Participants with an 
AR score above 5.00 were excluded from the analysis (Nas et al., 2008) to ensure reliable 
responses. 
Measures
Intelligence  
The IQ scores of the participants were based on dossier information, including the Wechler 
Intelligence Scale for Children (WISC) and the WAIS Wechsler Adult Intelligence Scale. 
Reactive and proactive aggression
The Reactive and Proactive Questionnaire (RPQ) measured reactive and proactive aggression 
(Raine et al., 2006) which has been validated in a Dutch sample (Cima et al., 2013). The 
RPQ is a self-report questionnaire consisting of 23 items, with a three-point Likert scale 
consisting of ‘never’ (0), ‘sometimes’ (1) or ‘often’ (2). As such, a total RPQ aggression score 
can be calculated, as well as a reactive aggression score ([RA] 12 items) and a proactive 
aggression score ([PA] 11 items). The RPQ has shown good internal reliability for total 
aggression and the two subscales (Raine et al., 2006).  
Cognitive distortions
Self-serving cognitive distortions were assessed with the Dutch translation of the How I 
Think Questionnaire ([HIT] Nas et al., 2008). The questionnaire consists of 54 items, which 
are answered on a five-point scale from ‘I strongly disagree’ (0) to ‘I strongly agree’ (5). A 
few items are included acting as positive fillers and persuade the participant to use the full 
range of the answering scale. Test-retest reliability of the HIT has been reported as high, 
together with the internal reliability (Barriga & Gibbs, 1996). This has also been shown in a 
Dutch validation study (Nas et al., 2008).  
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Aggression Replacement Training
All adolescents included were enrolled in an aggression replacement training, a cognitive 
behavioural intervention aimed at reducing aggressive and delinquent behaviours 
through improving social skills, training anger management and boosting moral reasoning 
simultaneously (Goldstein, Glick, & Gibbs, 1998). The intervention entailed 30 sessions, 
with three hourly sessions per week. Research has shown positive results for aggressive 
and delinquent populations (Goldstein et al., 1994; Gundersen & Svartdal, 2006; Hatcher et 
al., 2008). It should be noted this intervention is evidence-based and assessing treatment 
integrity or treatment effect was not the aim of the current study. Rather the behavioural 
change elicited was studied in relation to cognitive distortions.  
Statistical analyses
Cronbach’s Alpha’s for both the HIT and RPQ questionnaire subscales were calculated to 
check reliability. Firstly, to examine whether RA and PA showed unique correlations with the 
HIT subscales, Spearman’s rank-order correlations were calculated (due to non-parametric 
data of the proactive aggression scale post-intervention) together with partial correlation 
to correct for shared variance. 
 To address our second aim, firstly the assumption that the current cognitive behavioural 
intervention elicited change, it was investigated whether the RPQ and HIT scales differed at 
pre- (T1) and post-intervention (T2) with paired samples t-tests. For PA a Wilcoxon Signed 
Rank for non-parametric data was performed. Furthermore, dropouts (participant without 
post-intervention data) were compared with participants with complete data on pre-
intervention HIT and RPQ scores. Finally, linear regression analyses investigated whether 
difference-scores (T2-T1) of the HIT subscales could predict difference-scores (T2-T1) of 
the RPQ subscales. Difference-scores were considered reliable variables for analysis with 
pre- and post-intervention scores being sufficiently correlated (Pearson’s r >.50, with an 
exception of HIT SC with r= .498). Multi-collinearity statistics were investigated to assess 
whether intercorrelation between the subscales could cause potential biases. Post-hoc 
analyses were performed to correct for gender, which was added to the linear regression 
analysis as a covariate.
Results
See Figure 2 for the sample selection. In total a group of 151 participants were included in 
the pre-intervention correlation analysis (Table 1). Data was checked for outliers (2 SD from 
the mean), which resulted in exclusion of one participant for analyses with difference scores 
(outlier for HIT total and 3 HIT subscales). Due to study drop outs (n=53) and anomalous 
responses post-intervention (n=16), a group of 80 participants had both pre- and post-
intervention scores (Table 1). 
96
Figure 2 Sample selection. 
Note. CBT=cognitive behavioural 
therapy, HIT= How I Think ques-
tionnaire, AR= anomalous re-
sponses, IC=informed consent, 
T1=pre-intervention,T2= post-in-
tervention
The Cronbach’s Alpha’s for the HIT subscales pre- and post-intervention ranged from .764 
(BO) to .836 (AW) for pre-intervention and from .785 (SC) to .813 (AW) post-intervention. 
For the RPQ subscales Cornbach’s Alpha’s varied between .874 (RA) and .883 (PA) pre-
intervention and .870 (RA) and .880 (PA) post-intervention. Significant correlations between 
both reactive and proactive aggression at T1 and T2, and self-serving cognitions on all 
four HIT subscales were found (ranging from rs=.304 - .598, p<.001). Partial correlation 
results for RA (correcting for PA) showed a significant correlation with HIT subscale BO 
(r=.201, p<.05) at T1 and no significant correlations for T2. Proactive aggression (when 
correcting for reactive aggression) showed significant correlations for both T1 and T2 with 
all HIT subscales (ranging from r=.282 - .462, p<.05).  Results of the paired sample t-tests 
are shown in Table2 for adolescents pre-intervention ‘T1 pre-intervention’ and for the 
adolescents who completed the intervention ‘T2 post-intervention’. 
Dropouts within the current study scored significantly higher on pre-intervention measures 
from participants with complete data on the HIT scales (see Table 3). For the RPQ aggression 
scales no significant differences on either RPQ total, RA or PA scales were found.
Adolescents enrolled in CBT
n=196
No IC
n=25
HIT T1 AR score ≥5
n=20
study drop-outs
n=53
Outlier dierence scores
n=1
Adolescents with IC
n=171
Pre-intervention study sample
n=151
Pre- and post-intervention scores
n=97
Post-intervention study sample
n=96
HIT T2 AR score ≥5
n=16
Final study sample
n=80
97
4
Table 1 Sample descriptives.
T1 T2
n % n %
Sex  (% girls) 151 40.50  80 38.70 
Ethnicity (% western) 139 28.05 77 22.08
Mean (SD) Mean (SD)
Age 151 15.05 (1.28) 80 14.75 (1.15) 
IQ  117 81.70 (15.58) 68 80.17 (15.60)
Note. T1=pre-intervention, T2= post-intervention. 
Table 2 Paired sample t-tests of main study variables pre- and post-intervention.
T1 
pre-intervention
T2 
post-intervention df t
HIT total 2.83 (0.90) 2.49 (0.47) 80 3.20* 
HIT SC 2.68 (1.05) 2.36 (0.84) 80 2.15*
HIT BO 2.78 (0.96) 2.43 (0.81) 79 3.18*
HIT MM 2.80 (1.01) 2.44 (0.88) 80 2.93* 
HIT AW 2.99 (0.96) 2.70 (0.84) 80 2.74*
RPQ total 18.66 (8.91) 13.13 (7.63) 79 6.01**
RPQ RA 12.76 (4.72) 9.37 (4.66) 77 5.87**
RPQ PA 5.98 (4.88) 3.58 (3.75) - -
Note. HIT= How I Think questionnaire, RPQ= Reactive and Proactive Questionnaire, SC= 
self-centeredness, BO= blaming others, MM= minimizing /mislabelling, AW= assuming the 
worst. RA= reactive aggression, PA=proactive aggression. T1=pre-intervention, T2= post-inter-
vention, ** p<.01, * p<.05. For PA the Wilcoxon Signed Rank Test indicated Z=-4.125, p<.000. 
Table 3 Drop out analysis, with paired t-tests of the main study variables at T1.
 
Completed Drop outs df t
HIT total 2.69 (0.87) 3.05 (0.89) 148 2.36* 
HIT SC 2.52 (0.99) 2.93 (1.07) 148 2.34*
HIT BO 2.66 (0.97) 2.95 (0.89) 147 1.77
HIT MM 2.66 (0.97) 3.03 (1.05) 148 2.17* 
HIT AW 2.85 (0.94) 3.21 (0.96) 148 2.24*
RPQ total 17.64 (8.40) 20.34 (9.63) 148 1.79
RPQ RA 12.30 (4.36) 13.53 (5.30) 81.6 1.39
RPQ PA 5.33 (4.76) 6.90 (5.00) 145 1.86
Note. HIT= How I Think questionnaire, RPQ= Reactive and Proactive Questionnaire, SC= 
self-centeredness, BO= blaming others, MM= minimizing /mislabelling, AW= assuming the 
worst. RA= reactive aggression, PA= proactive aggression. * p<.05. 
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 Results of the regression analysis with the HIT scales predicting RA and PA are shown 
in Table 4. It is has been debated when multi-collinearity might bias results, however VIF 
values around 2.5 and Tolerance values above .3 do not raise much concern (Menard, 
1995).
Table 4 Estimates resulting from the prediction of difference scores for aggression by cognitive 
distortions. 
Dependent Predictors F R² B SE β t p VIF tol
ΔRA 2.68* .130
ΔHIT SC -.611 .817 -.119 -.748 .457 2.085 .480
ΔHIT BO* 1.585 .788 .288 2.011 .048 1.696 .590
ΔHIT MM -1.407 .861 -.242 -1.633 .107 1.816 .551
ΔHIT AW 1.670 .951 .299 1.756 .083 2.399 .417
ΔPA 3.38* .156
ΔHIT SC .646 .688 .148 .940 .350 2.142 .467
ΔHIT BO .620 .684 .136 .908 .367 1.950 .513
ΔHIT MM -.268 .714 -.056 -.375 .709 1.960 .510
ΔHIT AW 1.004 .836 .208 1.202 .233 2.594 .385
Note. HIT= How I Think questionnaire, RPQ= Reactive and Proactive Questionnaire, SC= 
self-centeredness, BO= blaming others, MM= minimizing /mislabelling, AW= assuming the 
worst. RA= reactive aggression, PA= proactive aggression, Δ indicates a difference score of 
post-intervention scores- pre-intervention scores, *p<.05. 
When correcting for gender in the model for RA the total model just escaped significance 
(F(5, 71)= 2.26, p=.057, R2= .138, R2adjusted= .077). When investigating the coefficients of 
the separate cognitive distortions, BO showed a trend for unique contribution (β= .275, 
t(76)=1.91, p=.061) similar to the model without gender. When correcting gender in the 
model for PA the total model remained significant (F (5, 72)= 2.67, p<.05, R2= .156, R2adjusted= 
.098). When investigating the coefficients of the separate cognitive distortions, none of the 
cognitive distortions showed unique contribution (including gender) similar to the model 
without gender. 
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Discussion
The current study firstly investigated whether reactive and proactive aggression were 
differentially related to different types of self-serving cognitive distortions. The following 
aims were investigated; 1) are reactive and proactive aggression differentially related to 
the different types of self-serving cognitive distortions, 2) are changes in these cognitions 
related to behavioural changes regarding reactive and proactive aggression.  It was 
hypothesized that reactive aggression is typically related to Blaming Others (BO) and 
Assuming the Worst (AW), while proactive aggression is typically related Self-Centeredness 
(SC) and Minimizing/Mislabelling (MM). Furthermore it was expected that this would be 
similar regarding changes in these cognitions relate to changes in aggression.
 Firstly, correlation analysis indicated that both types of aggression are related to self-
serving cognitions, with no particular distinction between subtypes. Partial correlations 
provided a measurement of association between the aggression subtypes and cognitive 
distortions in which variance explained by the other aggression scale was filtered out. 
These results indicated reactive aggression pre-intervention was uniquely correlated with 
BO (r=.20*). Proactive aggression both pre- and post-intervention showed low to moderate 
correlations with all four cognitive distortions. This indicates that BO might be a distinct 
correlate of reactive aggression while proactive aggression showed consistent correlations 
to all cognitive distortions. The cognitive bias BO typically involves misattributing blame to 
outside sources. As such results are in line with reactive aggression being a defensive form 
of aggression (Merk et al., 2005). Although expected, AW was not specifically related to 
reactive aggression. This is somewhat surprising, since this cognitive bias directly relates 
to HAS which has been linked to reactive aggression (de Castro et al., 2005; Lobbestael 
et al., 2013). However, additionally to HAS, AW involves cognitions related to worst-case 
scenario’s as if it were inevitable and assuming that improvement is impossible in one’s own 
or another’s behaviour. Possibly, not all aspects of AW are related to reactive aggression 
but only specifically HAS. Proactive aggression was related to all forms of cognitive biases. 
These self-serving cognitive biases are thought to protect the self from blame and negative 
self-concept (Barriga et al., 2000). Since proactive aggression is premeditated in nature, it 
maybe more strongly related to a wide variety of cognitive biases, as opposed to reactive 
aggression which is impulsive (Merk et al., 2005). Alternatively, current results could be 
explained by means of severity of aggression, in which proactive aggression is indicative of 
more severe aggression and thus involves more cognitive distortions. It has indeed been 
shown that the distinction between proactive and reactive aggression may mainly be driven 
by aggression severity (Smeets et al., 2016).
 Following, results confirmed that both reactive and proactive aggression, as well as 
self-serving cognitive distortions, showed significant decreases post intervention. We do 
not claim this effect can be solely attributed to the intervention. This study involved two 
intervention settings, no control condition was available, and ratings were not blinded. 
However, the aggression replacement training is an evidence-based intervention that has 
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proven to be an effective treatment (Goldstein et al., 1994; Gundersen & Svartdal, 2006; 
Hatcher et al., 2008). Assessing treatment-effect was not the aim of this study, rather these 
results confirmed behavioural and cognitive change has occurred in the current study. 
Since attrition in the current study was high, it was investigated whether dropouts differed 
from the final study sample. Results showed that dropouts did not differ on reactive and 
proactive aggression from adolescents included in the final analyses. However, it should be 
noted that dropouts did differ with regards to cognitive distortions. The final study sample 
may consist of adolescents experiencing fewer cognitive distortions compared to the 
general population of adolescent enrolled in an aggression intervention. This finding could 
be interesting from a clinical perspective. Possibly, experiencing more self-serving cognitive 
distortions fosters a tendency to drop out of cognitive behavioural treatments. This could 
imply that cognitive behavioural therapy is particularly difficult for those with more severe 
cognitive distortions, they may need more intensive treatments and it could provide better 
treatment selection for antisocial adolescents. 
 Addressing our second aim, it was investigated whether changes in self-serving 
cognitions related to behavioural changes regarding reactive and proactive aggression. It 
was hypothesized that change in reactive aggression would be related to change in BO 
and AW, while changes in proactive aggression would be related to change in SC and MM. 
Results showed no significant unique contribution for any of the separate self-serving 
cognitions for changes in proactive aggression. Similar to the correlation analysis, this 
suggests that change in self-serving cognitive distortions overall relates to behavioural 
changes in proactive aggression. For reactive aggression changes in the cognitive distortion 
BO uniquely contributed to behavioural change. Similar to correlation analysis, this 
suggests that changes misattributing blame to others uniquely relates to change in reactive 
aggression. Notably, the cognitive distortions AW which was additionally hypothesized 
to be important for reactive aggression, showed a trend towards significance (p=.083). 
Correcting for gender did not influence results. This is in line with earlier research which 
showed similar relations for males and females between social cognition and antisocial 
behaviours (Barriga et al., 2001). In sum, the current study indicated that the cognitive 
distortion BO is particularly important in behavioural change involving reactive aggression, 
whereas proactive aggression seems to involve self-serving cognitive distortions overall. In 
regards to the SIP model, this may suggest that reactive aggression is less likely a behavioural 
outcome if the ‘database’ contains less mental structures involving misattributing blame to 
outside sources, while reducing proactive aggression as a likely outcome involves reducing 
cognitive biases overall. Since this database within the SIP model is thought to influence 
all sequential SIP steps reciprocally (Crick & Dodge, 1994), changes as such would have 
considerable on-going effects on future behavioural outcomes. 
 Limitations should be mentioned. There was a rather high dropout rate of participants 
post-intervention (n=53, see figure 2). Participants without post-intervention data showed 
more self-serving cognitive distortions (with the exception of BO) compared to participants 
with complete data. As such, our results could be biased; the current population might 
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consist of adolescents experiencing fewer cognitive distortions affecting the final results. 
However, results showed no difference in reactive and proactive aggression between pre- 
and post-intervention group.  Possibly, underlying cognitive distortions are a measure of 
severity that can serve as an indicator to estimate risk for treatment drop out. All measures 
included in the current study involve self-report measures which may have effected the 
result. However, this issue was (partly) addressed by excluding participants scoring high 
on the anomalous responses of the HIT questionnaire. Furthermore, it has been suggested 
that sufficient IQ (≥90) is needed for valid results on the HIT questionnaire (Nas et al., 
2008). This may also be true for other self-report questionnaires, (e.g. the RPQ), as well as 
understanding the cognitive behavioural treatment program effecting treatment response. 
Unfortunately, our sample did not have a sufficient range of IQ scores to distinguish 
normal and low IQ groups for such comparisons. Despite these limitations, research 
towards reactive and proactive aggression in problematic adolescents is beneficial and 
results showed self-serving cognitive distortions could be an important treatment target 
for behavioural change. To our knowledge the current study is the first in investigating 
the relationship between changes in cognitive distortions and behavioural changes of 
aggression. Treatment of reactive aggression may benefit from focusing primarily on 
reducing cognitive distortions involving misattributing blame to others, while proactive 
aggression benefits from reducing self-serving cognitive distortions overall. Future research 
is needed to assess whether it is beneficial to translate current results to more tailored 
interventions for reactive and proactive aggression. 
Footnote 
¹The four self-serving cognitive distortions have been further divided into primary (SC) and 
secondary distortions (BO, MM and AW), secondary cognitive distortions are developed to 
support self-centeredness and prevent damage to the self-image.
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Chapter 5
Is Aggression Replacement 
Training equally effective in 
reducing reactive and proactive 
forms of aggression and 
callous-unemotional traits in 
adolescents?
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Abstract
Background: This study investigates whether Aggression Replacement Training is equally 
effective in reducing reactive and proactive forms of aggression and callous-unemotional 
traits (CU-traits) in adolescents. 
Methods: Hundred fifty-one adolescents with aggression problems (mean age 14.8, 67.5% 
male) received Aggression Replacement Training (ART) within their school program and 
had pre- and post treatment assessments of various forms of aggression. 
Results: Significant reductions of proactive and reactive aggression, but not CU traits, were 
found with medium to large effect sizes. The Reliable Change Index (RCI) analyses (using 
80% CI) revealed that ≥ 53% of the participants improved, ≥ 36% did not change, and ≤ 11% 
deteriorated on overall aggression (containing most improvement on threat-based reactive 
aggression); and on CU-traits ≥40% did not change and 25% deteriorated. Poor agreement 
was found between informants (45.7%) on overall aggression treatment response. Higher 
aggression levels at baseline mainly predicted greater change of aggression levels as a 
function of treatment (on all types), with only small additional predicting value of other 
predictors (higher IQ and completing treatment predicted better response).
Conclusion: ART can be used in clinical practice to reduce reactive and proactive aggression 
–but not CU traits- in adolescents. Highly aggressive adolescents benefit most from the 
treatment, whereas adolescents with proportionally lower levels could even deteriorate. 
Adjusted treatment is needed for adolescents with CU-traits or with lower levels of 
aggression. 
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Introduction
Aggressive behavior is common in adolescents and causes numerous problems in different 
life domains, like social problems, economic costs, unhappiness and contact with police and 
justice. It is a cross-disorder characteristic and one of the most frequent reasons for clinical 
referral in adolescents; it is a core problem in children and adolescents with Oppositional 
Defiant Disorder (ODD) and Conduct Disorder (CD) and also a frequent complication in 
children and adolescents with Attention Deficit Hyperactivity Disorder (ADHD) and Autism 
Spectrum Disorder (ASD) (Buitelaar et al., 2013; Glick & Gibbs, 2011; Mayes et al., 2012; 
Rutter et al., 2010). Aggressive behavior can be defined as behavior that is directed at 
a human, animal or object and causes harm or damage (Gannon et al., 2007). Previous 
research shows that untreated symptoms of aggression problems can predict several 
impairments into adulthood, such as relationship problems, violent injuries and poor 
academic performance (Burke, Rowe, & Boylan, 2014). To prevent these future problems 
and costs, effective treatment is needed. 
 Aggressive behavior has been associated with deficits in cognitive processes and 
cognitive misperceptions, in origin described by the social learning model of (Bandura, 
1978) and the social information pocessing model (SIP) of (Dodge & Coie, 1987). The social 
learning model suggests that individuals learn to use aggressive and antisocial behavior as 
it is often immediately reinforced or used for personal gain, receiving few or no negative 
consequences (Bandura, 1978). The SIP model suggests that disruption of one or more 
stages of information processes (i.e. deficient encoding, interpretation, preparation, 
planning and execution of response or behavior) can lead to anger and aggression (Dodge 
& Coie, 1987). The assumption that disruption of information processes are learned and 
can thus be modified, resulted in the development of Cognitive Behavioral Therapies 
(CBT) focusing on restructering cognitive misinterpretations, feelings and behavior within 
individuals with aggression problems (Goldstein et al., 1987; Smeets et al., 2015). To date, 
several meta-analyses reported medium to large effect sizes (d=0.35 to 0.67) of CBT as 
treatment of antisocial and aggressive behavior in children and adolescents (meta-analyses 
between 2000 and 2015; Bennett & Gibbons, 2000; Fossum, Handegård, Martinussen, & 
Mørch, 2008; McCart, Priester, Davies, & Azen, 2006; Smeets et al., 2015; Sukhodolsky, 
Kassinove, & Gorman, 2004). The Aggression Replacement Training (ART) (a multi-level CBT 
focused on anger control, social skills and moral reasoning) received substantial attention 
in particular, showing empirical support for reducing aggression problems, antisocial 
behavior and recidivism in youth (Barnoski & Aos, 2004; Goldstein et al., 1987; Nugent et 
al., 1999; Reddy & Goldstein, 2001). 
 However, notwithstanding the fact that CBT is recommended as first option of treatment 
of anti-social behavior given the medium to large effect-sizes (NICE, 2013), large between 
subject variation of treatment effects have been found, with some individuals improving 
strongly whereas others even seem to deteriorate (Kazdin, 1995; Masi et al., 2011). This 
does not seem to be related to age, gender, ethnicity or severity of aggression (Bennett & 
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Gibbons, 2000; McCart et al., 2006; Smeets et al., 2015; Sukhodolsky et al., 2004). Rather, 
a likely explanation may be that type of aggression is an important moderator of treatment 
response. A distinction can be made between proactive and reactive aggression, and in 
addition the presence of callous-unemotional traits (personality traits). Reactive aggression 
refers to an emotionally charged response to provocation or frustration, whereas proactive 
aggression refers to a consious and planned act, used for personal gain or egocentric 
motives (Blair, 2013; Dodge & Coie, 1987; Polman, Orobio de Castro, Koops, Boxtel van, 
& Merk, 2007. Callous-unemotional traits (CU-traits) are defined by a lack of guilt, lack of 
empathy and uncaring behavior (Blair, Leibenluft, & Pine, 2014; Hawes, Price, & Dadds, 
2014)  and have been added as a specifier of Conduct Disorder in the DSM-5. Social skills 
training learning prosocial behavior seems to be more effective in proactive aggression, 
anger control (CBT) in reactive aggression, and multimodal treatment combined with 
emotion recognition in case of high CU-traits (Bennett & Gibbons, 2000; Masi et al., 2011; 
McAdams III., 2002; Wilkinson et al., 2015). Therefore, the lack of studies examining the 
role of these various aggressive types on predicting treatment response in CBT as well as 
the effect of CBT on the decrease of these various aggressive types is surprising.
 The current study was set out to gain insight into the role of various aggression subtypes 
in predicting treatment responsiveness of Aggression Replacement Training in order to 
develop more effective and individualized interventions to reduce aggression in adolescents. 
An observational treatment study was conducted that included 151 adolescents with 
aggressive behavior. Aggression Replacement Training was offered and the role of various 
aggression types (proactive, reactive, CU-traits) was examined in addition to standard 
predictors (age, gender, IQ, ethnicity, social economic status, single parents, completion 
of treatment, police contact, use of medication). Overall, low consensus has been found 
between parent and child reports on externalizing behavior problems. Therefore multiple 
informants (parents and, self-report) were used in this study (De Los Reyes & Kazdin, 2005). 
Methods 
Participant characteristics and procedure
Participants had been referred to a school for adolescents with externalizing behavioral 
problems after being dismissed from their regular school. All participants received ART 
within their school program to reduce their aggressive behavior. Parents and adolescents 
were informed about the study and informed consent was signed before the study 
started. We used a pre-post design in which adolescents and their parents completed 
questionnaires before and after treatment, and at three months follow-up. However, in 
this study we only used pre- and post-measurements, regardless of whether treatment 
was finished or not. Hundred sixty-five adolescents were enrolled in the study, of whom 
14 dropped out of the study because no post- and follow-up assessment could be 
obtained. Figure S1 (supplements) shows a flowchart of the enrollment and drop-out of 
the participants in this study.
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 Sensitivity analyses showed no significant differences between drop-outs and non-
dropouts regarding gender, IQ, age, ethnicity and aggression severity. Table 1 shows the 
characteristics of the participants included in the study. This study was approved by the 
local Dutch ethical committee, CMO Arnhem/Nijmegen (2010/073, ABR: NL 33231.091.10).
Table 1: Participant characteristics
All participants (N=151)
Age,  Mean (SD) 14.75 (1.08)
Gender, Male No, (%) 102 (67.5%)
Estimated IQ*, Mean (SD) 78.64 (13.36)
[55.0- 127.3]
Ethnicity Caucasian, No,(%) 32 (21.2%)
Treatment completed, No, (%) 109 (72.2%)
Police contact,  No, (%) 80, yes (53.0%)
43, unknown (28.5%)
28, no (18.5%)
Single parent household, No, (%) 92 (60.9%)
SES, Mean (SD)**
Mean SES in Netherlands (2014) = 0.28
-1.20 (1.54)
Use of medication, No,(%)
(methylphenidate/dexamphetamine)
23 (15.2%)
* IQ=Intelligence Quotient; **SES=Social Economic Status
Treatment of aggression
ART is a multimodal Cognitive Behavioral Treatment focused on adolescents to cope with 
their maladaptive aggression that consists of three components: Social Skills (i.e. problem 
solving), Anger Control (i.e. anger reducers) and Moral Reasoning (i.e. cognitive distortions). 
All participants received ART within their school program. The ten-week training is 
implemented in three one-hour group sessions per week and uses highly structured group 
activities that include modeling and role playing to transfer knowledge (Glick & Gibbs, 
2011; Goldstein et al., 1987). All teachers and social workers within the school were trained 
to deliver the treatment in every class. 
Measures
Reactive Proactive Questionnaire (RPQ; Self-report)
The RPQ (Raine et al, 2006), measures proactive, reactive and total aggression; and 
was completed at pre- and post-treatment. Previous research has shown a better fit of 
three subscales instead of the original two (Smeets et al., 2016) . Weighted mean scores 
were calculated, all subscales were divided by the number of items to equally compare 
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the subscales. As no official cut-off scores are available for the RPQ, we used the mean 
scores score plus 1.5SD (sub-clinical level) of 5615 high-school children from the general 
population (11-15 years old) in Hong Kong (RPQ Total score (weighted) ≥ 0.63) (Fung, Yu, 
& Raine, 2009). 
The Inventory of Callous-Unemotional Traits (ICU; Self-report)
The ICU (Frick, Cornell, Barry, Bodin, & Dane, 2003)  assess callous and unemotional traits 
in youth; and was completed at pre- and post-treatment. The reliability of the ICU Total 
scale is acceptable across different studies, ranging from.79 to .81 (Byrd, Kahn, & Pardini, 
2013). The clinical cut-off was based on previous research of (Herpers et al., 2015) (clinical 
cut-off  ≥ 32).
Modified Overt Aggression Scale (MOAS; Parent-report)
The MOAS (Kay, Wolkenfeld, & Murrill, 1988) is an observation scale that scores maladaptive 
aggression and was completed by parents or primary caregivers at pre- and post-treatment. 
The different categories are: 1) Verbal aggression, 2) Aggression against property, 3) 
Aggression directed at oneself and 4) Physical aggression directed against others. Each 
category is scored from No aggression (0) to Most severe aggression conceivable (4) and 
the scores are weighted in order to calculate a total observed aggression score. The MOAS 
has a range of 0-40 with higher scores reflecting more aggression (Kay et al., 1988). The 
scale shows acceptable inter-rater reliability (ICC = 0.96) and test re-test reliability (r = 
0.72).  The clinical cut-off score was based on the original paper, using the mean score of a 
control group in adults plus 1.5SD (clinical cut-off  ≥ 5.3).
Demographics
Full-scale IQ was estimated by combining scores on two subtests of the WISC/WAIS-III 
that show the highest correlation with full-scale IQ (Vocabulary and Block Design, 0.88 
for WISC and 0.90 for WAIS) (Silverstein, 1982). When the IQ test had been performed 
recently, details were extracted from school files. Participant variables included single 
parent (parents divorced or not), use of medication, police contact (yes/no), and SES. The 
Social Economic Status (SES) was calculated for every individual using the zipcode of the 
participant (www.scp.nl/statusscores). The mean SES score in the Netherlands in 2014 was 
0.28. A low score indicates low SES in that particular area and vice versa. ART specific 
variables included the completion of the ART training (if participants received a certificate 
if they attended enough sessions of the ART training). 
Data analyses 
The percentage of missing data for all variables ranged between 0 and 21.2% on self-
report and parent-report (most missings on MOAS post-treatment). Missing values were 
replaced by multiple imputation using predictive mean matching (PMM) (m=1 imputation) 
and auxiliary variables of all pre-, post- and follow-up aggression measurements (Graham, 
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2009). Responses on one of the RPQ subscales higher or lower than 3SD from a subject’s 
mean (2.6%) and MOAS subscale (1.9%) were replaced using winsorising (replacing outlier 
by the highest value of the next case) (Field, 2009). The main treatment effect at group 
level was determined by comparing self-report and parent-report aggression levels at pre- 
(T1) and post-treatment (T2) using paired samples t-tests. Individual treatment response 
for each participant was calculated using the Reliable Change Index (RCI) of (Jacobson & 
Truax, 1991) and (Hageman & Arrindell, 1993):
Post-treatment – Pre-treatment
Sdiff
RCI = 1
Individual patients were categorized as ‘reliably improved’ if the individual change was 
smaller than -1.96; individual change of -0.84 or smaller indicated ‘improvement’ of 
aggression symptoms; ; individual change between -0.84 and 0.84 indicated ‘no change’ of 
aggression symptoms and individual change of ≥0.84 indicated that aggression symptoms 
‘deteriorated’ (Jacobson & Truax, 1991). Research of (Wise, 2003, 2004) describes that 
using the 80% confidence interval (CI) with a RCI criterion of -0.84 appears to be more 
consistent for symptom improvement with clinical judgments of meaningful change (i.e. as 
operationalized by a shift to lower level of care, General Assessment of Functioning ratings 
and client satisfaction ratings). This 80% CI can be used with standardized measures such 
as symptom rating scales. Therefore, we used a strict and more lenient level of defining 
individual improvement based on the RCI analyses, corresponding to RCI of -.84 (80% CI, 
categorized as ‘Improved’) and -1.96 (95% CI, categorized as ‘Reliably improved’). 
 In addition, one-way ANOVA analyses were conducted to investigate differences on 
severity of aggression at baseline between the improvement, no change and deterioration 
groups. Correlations were calculated to determine associations between aggression 
measurements among different reporters (self-report and parent-report) and all predictors 
(age, gender, IQ, ethnicity, medication, SES, police contact, single parent, and ART 
completed), to indicate which predictors were included in the regression analyses (p<.15). 
Multicollinearity statistics were investigated to assess whether this could cause potential 
biases in the regression models. Next, hierarchical linear regression analyses were conducted 
to examine potential predictors of treatment response with pre-post treatment change of 
the RPQ subscales, ICU total and MOAS Total scale as dependent variables; age, gender, IQ 
and pre-treatment aggression levels were included as default at step 1 (enter methods) and 
additional predictors at step 2 when correlations were p<.15 (forward methods). Finally, 
logistic regression analyses were conducted to examine possible predictors of responders-
only ((reliably) improvement on both parent-report and self-report). 
1 *Sdiff = √(SEa)2+(SEb)2 ; SE= SD . ( √1-rxx ); rx1x2= test retest reliability.
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Results
Main effects of ART at group level according to different informants
Aggression Replacement Training was associated with a significant decrease of aggression 
according to both parent and self-report, with medium to large effect sizes (see Table 2). No 
significant reduction of CU-traits was observed by adolescent self-report. 
Individual treatment response by the Reliable Change Index analysis
The RCI analysis indicated that according to parents, 54.3% (reliably) improved , 40.4% 
did not change and 5.3% deteriorated on overall aggression (MOAS scale). According to 
adolescents, 53% (reliably) improved, 36.4% did not change and 10.6% deteriorated on 
proactive and reactive aggression. Also, 34.4% of adolescents improved on CU-traits, 41.4% 
did not change and 24.5% deteriorated (Table 3, Figure 1). Agreement between informants 
was poor, with only 26.5% agreement between parent-report and adolescent self-
report regarding improvement (consistent responders; both on self- and parent-report) 
and 19.2% agreement regarding non-response on overall aggression (Figure 2). Results 
indicate that adolescents who improved after treatment, showed higher levels at baseline 
on all aggression types (also CU-traits) compared to adolescents in the ‘no change’ or 
‘deteriorated’ group. Conversely, adolescents that deteriorated showed the lowest levels 
of all aggression types at baseline, suggesting this group-based intervention may induce a 
‘regression to the mean effect’ (see supplement Table S1).
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Table 2: Pre- and post-treatment assessments among different reporters. 
Mean (SD) t p-value Cohen’s d
(effect size)
Self-report RPQ Total 
(weighted mean)
T1: 0.72 (0.37)
T2: 0.49 (0.29)
t(150)= -7.57 <.001 0.69 
(medium)
RPQ Frustration based RA*
(weighted mean) 
T1: 0.95 (0.43)
T2: 0.69 (0.39)
t(150)= -6.68 <.001 0.63 
(medium)
RPQ Threat based RA*
(weighted mean)
T1: 1.11 (0.51)
T2: 0.78 (0.52)
t(150)= -6.97 <.001 0.64
(medium)
RPQ Proactive
(weighted mean)
T1: 0.43 (0.39)
T2: 0.25 (0.29)
t (150)= -5.27    <.001 0.52
(medium)
CU-traits T1: 27.19 (8.10)
T2: 26.17 (7.62)
t(150)= -1.49 .14 0.13 
(small)
Parent-report Parent-report MOAS T1: 7.93 (5.84)
T2: 2.78 (3.62)
t(150)= -10.19 <.001 1.06
(large)
*RA=Reactive Aggression; ** NA=not available.
Table 3: Reliable change index of self-report and parent-report measurement showing 
individual change over time
Total N=151 RCI
Mean (SD)
Min./Max.
% 
Reliably 
improved
(≤-1.96) 
%
Improved
(≤- 0.84)
%
 No change
(>- 0.84
 – 0.84)
%
Mildly 
deteriorated
(≥ 0.84)
% 
Deteriorated 
( ≥ 1.96)
Self -report RPQ Total -.92 (1.50)
[-6.09 - 2.68]
19.9% 33.1% 36.4% 9.3% 1.3%
Frustration-
based RA
-.85 (1.57)
[-5.33 - 4.20]
27.2% 16.6% 47.0% 7.3% 2.0%
Threat-based 
RA
-.87 (1.53)
[-4.50 - 3.51]
21.2% 31.1% 35.8% 8.6% 3.3%
Proactive 
aggression
-.71 (1.67)
[-.5.9 -  3.88]
18.5% 19.2% 52.3% 6.0% 4.0%
ICU Total -.26 (2.17)
[-5.96 – 4.92]
18.5% 15.9% 41.4% 11.9% 12.6%
Parent -report MOAS Total -1.4 (1.72)
[-6.74 – 2.22]
35.1% 19.2% 40.4% 4.6% 0.7%
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Figure1: Individual change of ART measured by RCI.
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Figure 2 Agreement between reporters (self-report versus parent-report). 
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Predictors of individual treatment response
All correlations between potential predictors were below .30, indicating no multicollinearity 
between different predictors. Age, gender, IQ and pre-treatment aggression were included 
as predictors by default. Predictors were included when correlations were p<.15 (ART 
completed, single parent, medication, ethnicity, and SES), see supplements Table S2 and S3. 
More severe levels of aggression at pre-treatment predicted larger reduction of aggression 
levels at post-treatment on all self-report and parent-report measures. Furthermore, 
reductions of RPQ total aggression and threat-based reactive aggression (self-report) were 
significantly predicted by ‘ART completed’, indicating that attending all ART sessions was 
associated with a larger response to treatment. In addition, higher IQ predicted larger 
reductions of proactive aggression. No predictors were found for change in frustration-
based reactive aggression. For all predictors except baseline levels of aggression should be 
noted that the explained variance was very small (about 1%) over and beyond the variance 
explained by baseline aggression (see supplements Table S4). Finally, logistic regression 
analyses including only participants who ‘improved’ did not reveal any specific predictors 
on parent-report and self-report.
Discussion
This study aimed to gain insight into the role of various aggression traits in predicting 
treatment response to Aggression Replacement Training in order to develop more effective 
and individualized interventions to reduce aggression in adolescents. First of all, at group 
level significant reductions of reactive and proactive aggression levels were reported after 
receiving ART according to parents and self-report. However, no significant improvements 
were observed for CU-traits (or to a lesser extent: only in very high scoring adolescents). 
Secondly, at the individual level significant heterogeneity in overall treatment response 
was found, varying from adolescents who reliably improved (≥ 53%), adolescents without 
change (≥36%) and adolescents who deteriorated (≤10.6%) (containing more improvement 
on threat-based reactive); on CU-traits  ≥ 40% did not change and 25% deteriorated. Poor 
agreement between reporters was reported (45.7% agreement). Thirdly, higher aggression 
levels at baseline mainly predicted greater change on all different aggression types as 
a function of treatment, with only small additional predicting value of other predictors 
(higher IQ and completing treatment predicting better response).
 Treatment effects show that, as expected, ART can be deployed as treatment for 
adolescents with aggression problems. This is in line with previous meta-analyses, showing 
decreased levels of aggression with medium to large effect sizes after following CBT (Fossum 
et al., 2008; Smeets et al., 2015; Sukhodolsky et al., 2004). Individual differences are shown 
with highly aggressive adolescents (regardless of type of aggression) benefitting most 
from the treatment, and adolescents with proportionally lower levels even deteriorating. 
(Reliably) improvement  in 37.7%  to 53% of the participants was reported on RPQ self-
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report subscales. Only less than 12% showed deterioration of aggression problems after 
treatment. Levels of ‘no change of aggression’ were highest in proactive aggression (52.3%) 
and frustration-based reactive aggression (47%). This is in line with previous research 
showing poorer treatment outcomes of proactive aggression and inflexibility in frustration-
based reactive aggression (Masi et al., 2011; Smeets et al., 2016). 
 Overall, in 88% (self-report) and 94.7% (parent-report) of the adolescents aggression 
problems (reliably) improved or did not change over time. Of these adolescents, 65.5% (self-
report) and 80.3% (parent-report) showed non-clinical levels of aggression after treatment, 
showing that ART can be savely used in adolescents to prevent future aggression problems. 
However, adolescents who improved after treatment, showed higher levels at baseline on 
all aggression types (also CU-traits) and conversely. Also, when specific characteristics of 
responders who met the stricter definition of reliable improvement according both parents 
and adolescents were investigated, no specific predictors were found. This is in contrast with 
our expectation that proactive and reactive aggression would show different predictors of 
treatment response. This may be explained by that proactive and reactive aggression often 
go hand-in-hand together and are highly correlated within subjects (Kempes et al., 2005; 
Smeets et al., 2016). 
 As to CU-traits, no significant change over time was found at group-level. At the 
individual level no change of CU-traits was found in 41.1% of the adolescents and in 24.5% 
CU-traits even deteriorated. This is in line with a recent review of Wilkinson et al. (2015) 
that described quite some variation in change of CU-traits after treatment, although mainly 
poorer treatment outcomes (including studies using the ICU questionnaire as outcome 
variable). Also, CU-traits are included in the DSM-5 as specific subgroup of CD and are 
considered to be a stable trait which is less likely to vary over time (Scheepers et al., 2010). 
Therefore, more specific targeted treatment appears to be indicated for adolescents with 
CU-traits like additional parent management training, modulation of their arousal level 
and/- or empathic skills training. However, since we only used self-report questionnaires on 
CU-traits,  more studies using multiple informants and observations are needed to further 
investigate the individual differences in changes of CU-traits. 
 Regression analyses showed that baseline aggression levels predicted treatment change 
on aggression self-report (RPQ) and parent-report (MOAS). This is in contrast with results 
from a previous meta-analysis of (Sukhodolsky et al., 2004) that severity of aggression did 
not predict treatment outcome, but in line with a meta-analysis of (Fossum et al., 2008) 
showing higher effect sizes in adolescents with more severe aggression problems. The most 
likely explanation for this effect is the phenomenon of ‘regression to the mean’: higher 
levels of aggression at baseline provide more room/chance for improvement/normalization 
after treatment. 
 In addition to this strong predictor, two additional factors predicted treatment response, 
both with a small effect: completing treatment and higher IQ. Finishing ART training seems 
therefore of some importance to achieve optimal results of the treatment. However, no 
information was available regarding the exact amount of sessions followed, which could 
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have provide us more insight in the optimal amount of sessions giving the optimal effect of 
ART. Higher IQ predicted better treatment response on proactive aggression, which is also 
in line with previous research showing a lower IQ in delinquents and poorer CBT outcome 
in adolescents with proactive aggression (Bennett & Gibbons, 2000; Lynam, Moffitt, 
& Stouthamer-Loeber, 1993).  Future research could include neurocognitive markers to 
further examine possible predictors of treatment response in adolescents, with the 
purpose of developing personalized interventions. 
 Importantly, our study underlines the need to incorporate multiple informants when 
assessing treatment effects. Substantial discrepancies between parent-report and self-
report were found regarding treatment response outcomes, which is in line with previous 
research showing low correlations between reporters in externalizing behavior problems 
(Sukhodolsky et al., 2004). It was previously suggested that this difference is partly due to 
covert aggression which is not observed by parents. However, our findings indicate that 
agreement is also poor regarding overt forms of aggression, suggesting aggression may 
be strongly situational specific and not a static, across-situations expressed behavior. In 
future, observational measurements in combination with behavioral questionnaires of 
several informants might result in the most reliable measurement of aggressive behavior 
and it will be crucial to link reports from several informants to quality of life and other 
functional outcome measures to determine the ‘best’ source of information to predict 
prognosis (Polman et al., 2007).
 This study had some strengths and limitations. First of all, one of the strengths was 
that treatment of aggression was investigated in a large group (N=151) of adolescents with 
aggression problems. In addition, an observational study design was used, representing a 
real-life, non-selected, clinical sample, which will support implementation of the treatment 
in typical samples. As a consequence, raters were not blinded and potentially biased. 
However, that adolescents reported a decrease of aggression levels, but not CU-traits, and in 
some adolescents deterioration of symptoms was reported does not support this potential 
bias. Furthermore, adolescents with a wide IQ range (55-127) were included, showing the 
generic effect of ART in all levels without adjusting treatment (only less treatment change 
in proactive aggression was reported). A possible limitation could be the lack of a control 
group. However, since effectiveness of ART was investigated in previous research, the 
intervention is implemented as ‘treatment as usual’ in The Netherlands and the aim of this 
study was to find possible predictors of treatment response, this was no further restriction. 
Finally, one might argue that improvement of aggression scores at endpoint compared to 
baseline may be due to regression to the mean rather than reflect treatment effects perse 
(Morton & Torgerson, 2005). Since we have no repeated measures of aggression in our 
sample unrelated to treatment, we cannot fully rule out this mechanism. However, we 
believe this is unlikely the major mechanism since all of our subjects had been referred 
to this particular school and treatment setting because of their persistent high levels of 
aggression. 
119
5
Clinical implications and conclusion
ART can be recommended for treating both reactive and proactive forms of aggression, but 
additional treatment seems necessary for reducing CU-traits, such as training empathic 
skills, arousal level or parent training. High levels of CU-traits itself are no contraindication 
of ART, since these can decrease over time. Care should be taken when placing adolescents 
with only mild forms of aggression in these kinds of group therapy’s, since lower levels 
of aggression (proactive, reactive and CU-traits) can increase over time after following 
CBT, showing that some adolescents might better profit from individualized treatment. No 
distinct specific characteristics of treatment response could be found, indicating that ART 
can be used in all adolescents with aggressive behavior even if the level of aggression 
is high. Poor agreement among reporters was determined, stating that it is important to 
report aggression levels by different informants or observational measurements to reach 
higher consensus levels of aggressive behavior. 
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Supplemental material
Table S1: Baseline aggression levels for adolescents who improved, did not change or deteri-
orated after treatment.
 
CU-traits Proactive Frustration-based RA Threat-based RA RPQ Total MOAS
Improved 
(M, SD)
31.9 (6.4) .77 (.35) 1.19 (0.36) 1.30 (.42) .88 (.38) 11.4 (4.8)
No change
(M, SD)
27.0 (7.4) .20 (.23) .81 (.39) 0.99 (.51) .55 (.27) 3.8 (3.9)
Deteriorated
(M, SD)
20.9 (7.1) .25 (.24) .53 (.29) 0.56 (.39) .42 (.23) 3.6
(3.9)
T-test 1>2>3* 1>2; 1>3; 2=3* 1>2>3* 1>2>3* 1>2; 1>3;
2=3*
1>2; 1>3;
2=3*
* 1=improved; 2=no change; 3=deteriorated;  p<.001
Table S2: Correlations between self-, parent- and teacher-report on T1 (marked white) and T2 
(marked grey).
 
Self-report Parent-report
Pre-treatment 
(T1)  
Post-treatment 
(T2)
RPQ
Total 
RPQ 
Frustration-
based 
RPQ 
Threat-
based 
RPQ 
Proactive 
ICU 
Total scale
MOAS 
Self-report RPQ 
Total
.40** .75** .86** .88** .34** .01
RPQ 
Frustration-
based
.67** .35** .59** .48** .24** -.08
RPQ 
Threat-based
.83** .49** .40** .63** .30** -.05
RPQ 
Proactive
.80** .40** .50** .42** .31** .13
ICU 
Total scale
.36** .17* .33** .34** .43** .05
Parent- 
report
MOAS -.07 -.06 .01 -.11 .01 .22*
Abbreviations: T1=Pre-treatment; T2=Post-treatment. RA=reactive aggression. *=p <.0.05, 
**=p<.01, ^=  p<.15.
121
5
Table S3: Correlations between T1 and T2 on self-report, parent-report and teacher-report. 
Self-report Parent-report
RPQ T1
Total  
RPQ T1
Frustration-based 
RA
RPQ T1
Threat-based 
RA
RPQ T1
Proactive 
ICU T1
Total scale
MOAS T1
Total scale
Self-report RPQ T2
Total
.40** .30** .37** .38** .24** -.00
RPQ T2
Frustration-
based RA
.29** .35** .28** .21** .14^ -.11
RPQ T2
Threat-based 
RA
.35** .23** .40** .29** .25** .03
RPQ T2
Proactive
.38** .21** .25** .42** .17* .05
ICU T2
Total scale
.25** .17* .21** .25** .43** .05
Parent- 
report
MOAS T2 .13 .21* .09 -.003 .18* .22*
Abbreviations: T1=Pre-treatment; T2=Post-treatment. RA=reactive aggression. *=p <.0.05, 
**=p<.01, ^=  p<.15
122
Table S4: Hierarchical Linear regression analysis (forward-method). Predictors in step 1 includ-
ed by default. Predictors in step 2 only included when correlation p <.15.
Self-report Parent-report
Predictors Difference    
RPQ Total
(T2-T1)
Difference 
Proactive
Difference 
Frustration-
based RA
Difference 
Threat-based
RA
Difference  
CU-traits
Difference 
MOAS
Bèta p-value Bèta p-value Bèta p-value Bèta p-value Bèta p-value Bèta p-value
Step1 (Enter):
Age -.09 .13 -.06 .33 -.11 .10 -.07 .31 -.06 .39 .03 .62
Gender -.01 .87 -.05 .44 .05 .46 -.00 .98 -.05 .49 -.05 .32
IQ -.04 .10 -.12 .045 -.05 .46 -.05 .46 -.05 .49 .09 .09
Pre-treatment score -.69 <.001 -.73 <.001 -.61 <.001 -.36 <.001 -.59 <.001 -.81 <.001
R Square baseline 
model
.49 .53 .41 .29 .34 .64
Sign.
F-change
<.001 <.001 <.001 <.001 <.001 <.001
Step2
(Forward): 
ART Completed -.12 .05 NI NI -.19 .008 NI NI
Single Parent NS** NS NS NS NS NS NS NS NS NS NI
Medication NI* NI NI NI NI NS NS
Ethnicity NI NI NI NI NS NS
SES NI NI NI NI NS NS
Total model
R Square
 .50 - - .33 - .65
Significant F-change .05 - - .008 - .015
* NI=Not included as predictor in the model. ** NS=Not significant. 
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N= 206 approached for inclusion N= 41 not enrolled: 
did not want to participate or no 
permission from parents (n= 24); 
were unable to start the study 
due to pregnancy (n= 4); were
removed from school or referred to 
another school or clinic (n=13)N= 165 enrolled in study and 
started ART
N= 151 participated, including 
pre- and post/follow-up
N= 14 dropped out of study 
(no post-treatment or follow-up 
assesment obtained)
Supplement Figure S1 Flow-chart of participants enrolled and dropped out of the study.
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Abstract
Background: The influence of neurocognitive predictors on treatment response in 
adolescents with aggression problems is relatively understudied even though there are 
extensive data showing associations between neurocognitive deficits and aggression. 
Methods: Hundred-forty-two adolescents with aggression problems (mean age 14.8, 67.5% 
male) received Aggression Replacement Training (ART) within their school program and 
completed pre- and post treatment questionnaires of proactive-, and reactive aggression. 
Neurocognitive measures of ‘cool’ executive functioning (EF) (cognitive flexibility, verbal 
working memory), ‘hot’ EF (decision making and risk taking behavior), and emotion recog-
nition were collected pretreatment. 
Results: Adolescents who more often chose smaller immediate rewards on the temporal 
discounting task showed significantly less reduction in frustration-based reactive aggression 
following ART.  Moreover, poorer performance on the Columbia Card task was related to 
less reduction in parentally observed aggression following ART. Impaired fearful expression 
recognition was associated with significantly less reduction in proactive aggression 
following ART. Only small additional predicting values were found of the tasks used in this 
study (up to 5% additional explained variance). 
Conclusion: Weak performance on emotion recognition and ‘hot’ , but not ‘cool’ EFs , was 
related to poorer treatment outcome to ART in adolescents. The implications for optimizing 
ART and related treatment approaches for aggressive adolescents are discussed.  
Keywords: Aggression, adolescents, executive functions, Cognitive Behavioral Therapy. 
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Introduction
Aggressive behavior, a cross-disorder characteristic, is one of the most frequent reasons 
for clinical referral and causes a variety of problems across the lifespan (Mayes et al., 2012; 
Romeo et al., 2006; Rutter et al., 2010). Aggressive behavior can be defined as behavior 
that is directed at another person, animal or object and causes harm or damage (Gannon 
et al., 2007). It peaks in adolescence and, if untreated, is associated with problems in 
adulthood (e.g., relationship problems, violent injuries and poor academic performance) 
(Burke, Rowe, & Boylan, 2014). Aggression is a rather heteregeneous construct and is often 
divided into different subtypes: reactive aggression (which refers to an emotionally charged 
response to frustration or threat) and proactive aggression (which refers to a consious and 
planned act, used for personal gain or egocentric motives). Reactive aggression can be 
further divided into frustration-based reactive aggression (becoming aggressive because 
of inflexibility or when oriented goals are not met -linked to decision-making deficits) and 
threat-based reactive aggression (becoming aggressive because of provocation or threats 
- linked to anxiety problems) – though these two forms are highly inter-correlated (Blair, 
2013; Smeets et al., 2016). 
 Several meta-analyses revealed that cognitive behavior therapy (CBT) and multi-
systemic therapy (MST) are effective interventions for children and adolescents with 
aggression and conduct problems (Fossum et al., 2008; Smeets et al., 2015; Sukhodolsky et 
al., 2004). Furthermore, it has been shown that the Aggression Replacement Training (ART; 
a multi-modal CBT) in adolescents effectively reduces proactive and reactive aggression 
(Smeets, Rommelse, Scheepers, & Buitelaar, under review). ART focuses on the reduction 
of aggressive behavior by changing deficits in cognitive processes and the enhancement of 
social skills, anger control and moral reasoning. However, large between subject variability 
exists in treatment effects, with some individuals improving strongly whereas others seem 
to even deteriorate (Burke, Loeber, & Birmaher, 2002; Masi et al., 2011; Masi et al., 2013; 
Smeets et al., under review). Identifying variables underpinning this between subject-
variability is important as it might help optimize future interventions. 
 It is possible that neuro-cognitive variables might underpin this between subject-
variability. Certainly, there are data that aggressive children and adolescents show 
clear neuro-cognitive deficits (Blair, 2013; Matthys et al., 2013; Moffitt, 1993b; Morgan 
& Lilienfield, 2000; Raine et al., 2005; Rubia, 2011). Various subdomains of executive 
functioning (EF) are differentially associated with forms of antisocial behavior and patterns 
of aggressive behavior (Blair, 2013; Ogilvie et al., 2011). That is, EFs are often divided into 
“Cool” and “Hot” EF (Hongwanishkul et al., 2005; Zelazo & Carlson, 2012). “Cool” EF refers 
to top-down processes without strong activation of emotional processing, like planning, 
working memory and cognitive flexibility  and “hot” EF is related to affect, emotion, 
motivational control, affective decision making, risk taking, reward and punishment (De 
Brito et al., 2013; Rubia, 2011). A third cognitive domain related to aggression is socio-
cognitive processing, expressed by deficits in emotion recognition, mainly by problems with 
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recognizing fear and sad emotions  (Marsh & Blair, 2008). Impulsive decision-making and 
risk taking (i.e., ‘hot’ executive function tasks) have been associated with both increased 
frustration-based and threat-based reactive aggression (Blair, 2013; Matthys et al., 2013) 
while threat-based reactive aggression has been associated with increased deficits in 
response inhibition (a ‘cool’ EF) (Feilhauer & Cima, 2013; White et al., 2016).  Deficits in 
emotion recognition have been associated with an increased risk for proactive aggression 
(socio-cognitive processing) (Bowen, Morgan, Moore, & van Goozen, 2014; Marsh & Blair, 
2008).
 Variables that have shown some predictive value to treatment of aggression, albeit 
inconsistently, include age, gender and IQ, increased baseline aggression severity and the 
amount of sessions followed by the adolescent (Fossum et al., 2008; Smeets et al., 2015; 
Smeets et al., under review; Sukhodolsky et al., 2004).  There is notably very little data 
regarding the predictive value of neuro-cognitive indices for treatment response (Cornet 
et al., 2014; Fishbein et al., 2006).  However, previous research in anti-social adults and 
adolescents indicated that neurocognitive predictors (i.e. decision making, concentration 
or impulsivity) can possibly explain individual variability of treatment response (Cornet, Van 
der Laan, Nijman, Tollenaar, & De Kogel, 2015; Fishbein et al., 2006; Sukhodolsky, Vander 
Wyk, et al., 2016; Vaske, Galyean, & Cullen, 2011). Studying neurocognitive domains in 
relation to treatment response following ART is therefore needed to determine whether 
these domains may be considered as clinically useful tools in choosing the best treatment 
for an individual patient. 
  The current study was designed to assess the extent to which paradigms assessing 
“hot” (Temporal Discounting and Columbia Card task) and “cool” (Trail Making and Digit 
Span) executive functioning as well as the socio-cognitive process of expression recognition 
predicted treatment response to Aggression Replacement Training (ART). In particular, 
we predicted reduced benefit of the ART for: (i) frustration-based reactive aggression 
as a function of the child’s level of weak performance in decision-making (as indexed by 
temporal discounting) and risk taking (as indexed by the Columbia card task); (ii) proactive 
and reactive aggression as a function of the child’s level of deficits in response inhibition 
(Trail Making) and verbal working memory (digit span); and (iii) proactive aggression as a 
function of a child’s deficits in (particularly fearful) expression recognition. 
Methods
Participants had been referred to a school for adolescents with externalizing behavioral 
problems after being dismissed from their regular school. All participants received ART 
within their school program to reduce their aggressive behavior. Parents and adolescents 
were informed about the study and informed consent was signed before the study started. 
We used a pre-post design in which adolescents and their parents completed questionnaires 
before and after treatment, and at three months follow-up. However, in this study we only 
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used pre- and post-measurements, regardless of whether treatment was finished or not. 
One hundred sixty-five adolescents were enrolled in the study.  However, 23 were excluded 
from the analyses either because they provided no post-treatment assessment (N=14) or 
neurocognitive data (N=9). Figure 1 shows a flowchart of the enrollment and drop-out of 
the participants in this study. Sensitivity analyses showed no significant differences between 
drop-outs and non-dropouts regarding gender, IQ, age, ethnicity and aggression severity. 
Results of the treatment response are previously reported in Smeets et al. (under review). 
The current study investigated the neurocognitive predictors of treatment response. For 
the sake of clarity, Table 1 shows the characteristics of the participants included, together 
with the treatment results, which are previously reported in Smeets et al. (under review). 
This study was approved by the local Dutch ethical committee, CMO Arnhem/Nijmegen 
(2010/073, ABR: NL 33231.091.10).
 
Table 1: Participant characteristics
All participants 
(N=142)
Age,  Mean (SD) 14.69 (1.04)
Gender, Male No, (%) 95 (66.9%)
IQ, Mean (SD) 78.46 (13.5)
Ethnicity Caucasian, No,(%) 32 (22.5%)
t p-value Cohen’s d
Self-report RPQ Total 
(weighted mean; SD)
Pre: 0.72 (0.37)
Post: 0.49 (0.29)
t(150)=-7.67 <.001 0.69 
(medium)
Self-report RPQ Frustration based
(weighted mean; SD) 
Pre: 0.95 (0.43)
Post: 0.69 (0.39)
t(150)=-6.68 <.001 0.63 
(medium)
Self-report RPQ Threat based 
(weighted mean; SD)
Pre: 1.11 (0.52)
Post: 0.78 (0.52)
t(150)=-6.97 <.001 0.64
(medium)
Self-report RPQ Proactive
(weighted mean; SD)
Pre: 0.43 (0.40)
Post: 0.25 (0.29)
Wilcoxon 
Z=-5.27
<.001 0.52
(medium)
Self-report ICU Pre: 27.19
Post:26.17
t (150)=-1.49 .14
Parent-report MOAS
(mean; SD)
Pre: 7.93 (5.84)
Post: 2.78 (3.62)
Wilcoxon
Z= -10.19
<.001 1.06
(large)
*Abbreviations: IQ=Intelligence Quotient
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Figure 1 Flow-chart of participants enrolled and dropped out of the study
Treatment of aggression
ART is a multimodal Cognitive Behavioral Treatment focused on adolescents to cope with 
their maladaptive aggression that consists of three components: Social Skills (i.e. problem 
solving), Anger Control (i.e. anger reducers) and Moral Reasoning (i.e. cognitive distortions). 
All participants received ART within their school program. The ten-week training is 
implemented in three one-hour group sessions per week and uses highly structured group 
activities that include modeling and role playing to transfer knowledge (Glick & Gibbs, 
2011; Goldstein et al., 1987). All teachers and social workers within the school were trained 
to deliver the treatment in every class.
N=206 approached for inclusion N=41 not enrolled:
did not want to participate or 
no permission from parents 
(n=24); were unable to nish 
the study due to pregnancy (n=4); 
were removed from school or
 referred to another school or clinic (n=13)
N=9 dropped out beause neurocognitive 
data was lacking (only wanted to nish 
questionnaires or no permission from 
parents)
N=14 dropped out of study
N=165 enrolled in study and 
started ART
N=151 participated, including 
pre- and post-follow-up measurement
N=142 participated, including 
neurocognitive data + pre- and 
post measurement
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Measurements
Neurocognitive tasks
(Supplement Figure S1 shows examples of the neurocognitive tasks)
Tasks specifically selected for this study were designed to measure cognitive flexibility, 
risk taking behavior, decision making, working memory and facial recognition (emotional 
perception). The following tasks were administered at baseline (before treatment started). 
‘Cool’ EF tasks 
Cognitive flexibility - Trail Making Task 
The Trail Making Task (TMT; Reitan, 1958) measures cognitive flexibility and the ability to 
switch between numbers and letters. In this computerized version of the task, participants 
were asked to connect several dots with numbers subsequently (1-2-3 etc.), then connect 
dots with letters (A, B, C) and finally connect the combination of both (1-A-2-B etc.) as fast 
and accurately as possible. A possible error needed to be corrected by the participant. The 
reaction time of the combined task was compared to the reaction time of the numbers only 
task. Slower reaction times were indicative of poorer set shifting abilities. Errors were not 
taken into account, since these show a ceiling effect and are already reflected in longer 
reaction times (the more errors, the slower). Deficits in the combination of switching 
between numbers and letters has been found sensitive to damage in the frontal lobe 
(Morgan & Lilienfield, 2000).
Verbal working memory – Digit span
The digit span task of the WISC/WAIS  was used to obtain an indication of verbal working 
memory (Wechsler, 2000; Wechsler, 2002). Participants were asked to repeat a sequence 
of numbers in the same order (forwards) or in the opposite order (backwards). They were 
instructed to reproduce the sequences as accurately as possible. The total number of 
correct sequences were used as possible predictor. 
‘Hot’ EF tasks
Decision making - Temporal Discounting Task
In the Temporal Discounting task participants had to make repeated choices between a 
smaller variable immediate reward (2, 4, 6, or 8 cents delivered after 0 seconds) or a larger 
constant reward (10 cents, delivered after a variable delay of 5, 10, 20, 30 or 60 seconds) 
(Scheres, Tontsch, Thoeny, & Kaczkurkin, 2010; Scheres, Tontsch, Thoeny, & Sumiya, 2014). 
For example, a participant could choose 6 cents now or 10 cents after waiting 20 seconds. 
Trials were administered in the same pseudo-random order to all participants. The task 
consists of 40 trials, with each small reward displayed twice at every delay level. Choices 
were visually represented by two airplanes on a computer screen; each airplane carried 
their corresponding quantity of money, which was represented by a number and the specific 
amount of coins. Delays were represented by the level that the airplanes were flying—the 
higher the plane, the longer the duration of the delay. For every participant the Area Under 
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the Curve (AUC) and the subjective value (extent of the small immediate reward for which 
the participant showed indifference in a choice against the larger delayed reward) was 
calculated. Firstly, the AUC was used in the multiple regression analyses; when a significant 
p-value was found, post-hoc analyses were run in order to gain more information regarding 
which delay mostly predicted the outcome variable. The smaller the AUC and subjective 
value, the less willing the participant was to wait for the larger reward (resulting in a more 
impulsive choice). More details of the task and data preprocessing (calculating the AUC and 
subjective values) are described in Scheres et al. (2014). 
Risk taking behavior - Columbia Card Task
The Columbia Card Task (CCT) involves 32 cards, displayed in four rows of 8 cards each, 
faced down (Figner, Mackinlay, Wilkening, & Weber, 2009). The task consists of 24 trials, 
within every trial cards can be turned over as long as gain cards are encountered. In every 
trial one or three loss cards are hidden. Each gain card adds a specific gain amount towards 
the overall trial payoff. The player can voluntarily stop the trial, to obtain the gain pay off. 
As soon as a loss card is taken, the trial stops immediately and the loss amount will be 
subtracted from the trial gain amount. The participant can see the following information 
within each trial: amount of loss cards (1 or 3), amount of loss score (250 or 750 points) and 
amount of gain score (10 or 30 points per gain card). In this study, the ‘hot’ version of the 
task was used, showing direct feedback (gain amount and happy smiley or loss amount and 
sad smiley, and total amount of the trial) if a gain or loss card was taken. If the participant 
decided to stop voluntary (and collect the obtained gain amount) or a loss card was turned 
over, all of the remaining cards were turned over to show which was a gain card or a loss 
card. This immediate feedback was given to examine if the decision of the participant was 
influenced by their previous choices. The total amount of points was calculated, to indicate 
risk taking behavior (sum of loss and win amounts) (Figner, Mackinlay, Wilkening, & Weber, 
2009). 
Socio-cognitive processing - Facial Emotion Recognition Task
In this task adolescents were instructed to recognize emotions of different actors showed 
on the computer screen as fast as possible (Using pictures of Ekman & Friesen, 1976). 
Forty-eight trials were shown of six different actors, showing four different emotions: 
angry, fear, happy and sad. Faces were morphed, starting with a neutral face (0% emotion) 
and ending with the full emotion (100% emotion), displayed in gradient steps of 10%. The 
hair and background were blacked out, so that only the facial emotion was exposed. The 
outcome variables of the task were the amount of errors made and reaction time of each 
emotion. Supplement 1 shows an example of two out of the four emotions. 
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Questionnaires
Reactive Proactive Questionnaire (RPQ; Self-report)
The RPQ measures proactive, reactive and total aggression; and was completed at pre- 
and post-treatment (Raine et al, 2006). Previous research has shown a better fit of three 
subscales instead of the original two (Smeets et al., 2016). Weighted mean scores were 
calculated, all subscales were divided by the number of items to equally compare the 
subscales. 
Modified Overt Aggression Scale (MOAS; Parent-report)
The MOAS  is an observation scale that scores maladaptive aggression and was completed 
by parents or primary caregivers at pre- and post-treatment (Kay et al., 1988). Scores 
are weighted in order to calculate a total observed aggression score. The scale shows 
acceptable inter-rater reliability (ICC = 0.96) and test re-test reliability (r = 0.72). Previous 
research shows that the MOAS questionnaire reflects the construct of reactive aggression 
(Sukhodolsky, Vander Wyk, et al., 2016). 
Statistical analyses
All participants started the Aggression Replacement Training within their school program 
(N=165). Participants who dropped out of the study were removed from the study if no 
post- and follow-up measurement was collected (n=14) and in 9 cases no neurocognitive 
data could be obtained. Overall, pre- and post-measurements were collected from all 
participants, regardless of whether treatment was completely finished or not. In total, 
the percentage of missing data for all variables ranged between 0 and 19.2% and missing 
values were replaced by multiple imputations using predictive mean matching (PMM) (m=1 
imputation). Responses on one of the RPQ subscales higher or lower than 3 SD from a 
subject’s mean (2.6%) were replaced using winsorising (replacing outlier by the highest 
value of the next case) (Field, 2009). Correlations were examined to determine possible 
multicollinearity between predictors. Between almost all predictors a correlation below 
.30 was found, except for IQ, digit span and TMT. Therefore, further exploration of possible 
bias due to multicollinearity was investigated within the multivariate linear regression 
analyses but levels of VIF and tolerance values (indicating multicollinearity if values are 
above 2.5 and below .2 respectively) were within the acceptable range. Multivariate linear 
regression analyses were performed to examine whether changes in treatment outcome 
were predicted by several neurocognitive variables. Treatment change scores of self-report 
(frustration-based and threat-based reactive aggression, proactive aggression) and parent-
report (MOAS total scale) were entered as dependent variable (Time2 - Time1). Age, 
gender, IQ and pre-treatment aggression were included as predictors by default. Additional 
neurocognitive predictors were included when correlations with outcome variables were 
p < .15. This threshold was used to only include potential meaningful predictors (see 
Supplement Table 1).
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Results 
Results regarding the improvement of aggression after treatment were previously 
documented in Smeets et al. (under review). For the sake of clarification, we reported the 
results of the improvement of aggression after following ART in Table 1. In this study, we 
further investigated the research question regarding neurocognitive predictors. 
Predictors of treatment response
Changes in frustration-based reactive aggression as a function of treatment was predicted by 
impulsive decision-making on the temporal discounting task: adolescents who more often 
chose smaller immediate rewards (smaller AUC), showed significantly less improvement 
in frustration-based reactive aggression. As reported in Table 2, the AUC of the Temporal 
Discounting task was a significant predictor of frustration-based reactive aggression 
(bèta= -.13; p=0.05). A post-hoc analysis was conducted to further explore the prediction 
of all the different subjective values (SV). This revealed the following results: SV 5 seconds, 
bèta= .20; p=.005; SV 10 seconds bèta= .05,  p=.402;  SV 20 seconds, bèta=  -.13   p= .28; SV 
30 seconds bèta= .01  p= .17; SV 60 seconds bèta=  -.21, p= .002. This shows that a larger 
subjective value at 5 seconds (bèta=  .20, p=.002) and a smaller subject value at 60 seconds 
(bèta= -.21, p=.002) significantly predicted less treatment change over time, indicating that 
more impulsive decision-making leads to less change in aggression after treatment. 
 A slower ability to recognize fearful faces predicted less change in proactive aggression as 
a function of treatment (bèta=.13, p=.03) while increased risk taking on the Columbia Card 
Task predicted less change in total (parent-report) aggression as a function of treatment. 
The neurocognitive variables provided no predictive power regarding treatment-based 
changes in level of threat-based reactive aggression. Moreover, there was no relationship 
between baseline response inhibition (Trail Making) and verbal working memory (digit 
span) scores and treatment-based changes in level of aggression.
 It should be noted that the neuro-cognitive variables only provided incremental predictive 
benefit to that provided by other variables (age, gender, IQ and pre-treatment aggression 
level). This benefit varied from 1 to 5% additional explained variance (see Table 2).
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Table 2 Multi-linear regression model
Self-report Parent-report
Predictors Difference 
Frustration-based 
RA
Difference Threat- 
based RA
Difference 
Proactive 
aggression
Difference MOAS 
Step1 (Enter): Bèta p-value Bèta p-value Bèta p-value Bèta p-value
Age -.16         .02 -.15 .05 -.18   .002 .05 .26
Gender .05       .48 -.01 .94  -.01 .86 -.07 .20
IQ -.046     .50 -.08 .29 -.10 .08 .08 .12
Pre-treatment score -.62    <.001 -.56 <.001 -.73 <.001 -.83 <.001
R Square baseline model .42 .34 .53 .66
Sign.
F-change
<.001 <.001 <.001 <.001
Step2 (Forward): 
TMT NS NS NS NI
Digit span
Forward
Backward
NS
NS
NS
NS
NS
NS
NS
NI
CCT
Average Score
NS NS NI -.13 .01
Temporal Discounting 
AUC
-.13 .05 NI NI NI
Emotion recognition
Total correct
Total RT
NS
NI
NI
NS
NS
.13 .03
NI
NI
Total model
R Square
.44 - .58 .67
NS= Not Significant, NI=Not included in multilevel linear regression model since correlation 
was p>.15.
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Discussion
This study aimed to examine potential neurocognitive predictors of response to ART on 
improving different aggression types in adolescents (proactive and reactive aggressions). 
There were two main findings. First, and in line with predictions, reduced post-treatment 
improvement in self-reported frustration-based reactive aggression was associated with 
more impulsive performance on the temporal discounting task while reduced improvement 
in parent-reported aggression was associated with poorer performance on the Columbia card 
task. Secondly, and also in line with predictions, reduced post-treatment improvement in self-
reported proactive aggression was associated with poorer performance in fear expression 
recognition. In contrast to predictions, however, deficits in performance on the Trail Making 
and Digit Span tasks were unrelated to treatment-based changes in level of aggression.
 In more detail, more impulsive decision-making (measured by the temporal discounting 
task) predicted less change in frustration-based reactive aggression after treatment. This is 
in line with previous research showing that low impulsive decision making was associated 
with enhanced effects of a social skills program on emotion regulation and hostility (Fishbein 
et al., 2006). Thus,  adolescents who use a more impulsive strategy in decision making are 
probably less likely to resist impulsive, aggressive behavior since they lack the ability to think 
of the consequences of their behavior on the long term and are less likely to use anger control 
strategies on time when being frustrated. In short, the current data suggest that additional 
clinical intervention attention might be addressed towards improving decision-making in order 
to increase treatment response with respect to frustration-based reactive aggression.
 Similarly, risk-taking propensity, as indexed by the Columbia Card Task, predicted less 
change in parent-reported levels of reactive aggression after treatment.  This is consistent 
with data from Fishbein et al. (2006) who observed that risky decision making attenuated 
treatment effects on beliefs supporting aggression in adolescents. Moreover, work has shown 
that violent offenders who make more risky decisions appear to profit less from Cognitive 
Behavioral Therapy, and this relationship was stronger with respect to reactive aggression 
then to proactive aggression (Kuin, Masthoff, Kramer, and Scherder (2015). Clinicians should 
be aware that adolescents showing more risk taking behavior are likely to benefit less from the 
ART and other interventions. 
 Furthermore, impairment in facial recognition as reflected by a longer RT when recognizing 
fearful faces predicted proactive aggression as a function of treatment change. Previous 
research has consistently shown that deficits in expression recognition are associated with 
increased levels of antisocial behavior and psychopathy traits (Marsh & Blair, 2008). The 
suggestion is that individuals showing these impairments are more likely to commit actions 
that will harm others since they are relatively indifferent to the harm their actions cause other 
individuals.  The current study extends this prior work by showing that the extent of these 
deficits, particularly for fearful expressions, predicts level of change in proactive aggression as 
a function of the ART.
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 Deficits in performance on the Trail Making and Digit Span tasks ‘cool’ executive 
functions tasks were unrelated to treatment-based changes in level of aggression.  This 
echoes previous work with adult prisoners following a similar CBT intervention (Cornet et 
al. (2015) and suggest that cognitive inflexibility and working memory problems are not 
associated with treatment response of ART. Lastly, threat-based reactive aggression was not 
predicted by any of the neurocognitive tasks. This might indicate that the neurocognitive 
processes measured in this study are not involved in threat-based reactive aggression. It 
is of interest to include a neurocognitive task in future that measures increased amygdala 
responses after exposure to threat, combined with associated hostile attribution bias (Blair 
et al., 2014). Also, in our study, threat-based reactive aggression seems to be less severe 
than other forms of aggression, which could indicate that additional training on top of ART, 
i.e. better decision making skills, is mainly need in more severe levels of aggression.
 Results of this study should be considered within the context of potential limitations. 
First, this study did not include a control group since we did not examine the effectiveness 
of ART. Therefore, the current data might reflect neurocognitive predictors of propensity to 
change over a three month time period rather than predictors of propensity to change as a 
function of treatment. On the other hand, in real-world mental health care services, more 
complex and heterogeneous groups of adolescents are included than in studies with highly 
controlled and selected research samples. Our study is an open label study and a reflection 
of a real-world clinical sample in daily practice. It should be noticed that more interest 
has been shown in recent trials conducted in real-world settings, delivered by regular staff 
(Stoltz, Deković, van Londen, Orobio de Castro, & Prinzie, 2013; Weisz, Sandler, Durlak, & 
Anton, 2005). In addition, since no information regarding proactive and both distinctions of 
reactive aggression was gathered from parents, only predictors of overall levels of reactive 
aggression reported by parents could be investigated. Furthermore, our results will have 
been influenced by the amount of change over time resulting in less significant predictors. 
In sum, results show neurocognitive predictors and socio-cognitive predictors of treatment 
response regarding frustration-based and proactive aggression on self-report and overall 
reactive aggression on parent-report. More impulsive decision making, problematic 
fearful emotion recognition and impulsive risk taking behavior illustrate poorer treatment 
outcome of the related subtype of aggression. In other words, it would be more effective 
to first learn better strategies to cope with impulsive decision making (for example, 
training the value of long term rewards and consequences of behavior), before starting 
CBT interventions (Blair, 2013; Fishbein et al., 2006).  However, it should be noted that only 
small additional predicting values were found of the tasks used in this study, which on the 
other hand questions the additional value of these tasks in clinical practice.
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Supplemental material
Table S1: Correlations between dependent variables and neurocognitive predictors. 
Self-report Parent-report
Frustration-based RA Threat-based RA Proactive aggression MOAS Total score
T1 T2 T1 T2 T1 T2 T1 T2
Cool EF
TMT .17* .22* .18* .01* .13* .07* -.06 -.12
Digit Span
Forwards
Backwards
-.15*
-.15*
-.10
.04
-.12
-.09
-.13*
-.12*
-.19*
-.17*
-.18*
-.14*
-.15*
-.07
.04
.10
Hot EF
CCT
Average score -.17* -.05 -.20* -.11 -.10 -.02 -.01 -.21*
Temporal Discounting
AUC -.04 -.13* -.09 .04 -.08 -.02 -.02 .05
Socio-cognitive processing
Emotion Recognition
Total correct
Total RT
-.14*
-.06
-.09
-.02
-.04
-.04
-.08
.14*
-.19*
.03
-.12*
.17*
-.15*
-.05
.01
-.01
*p<.15 
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Figure S1: Examples of the neurocognitive tasks 
1a) CCT
1b) Temporal Discounting, choosing between a small amount now or a larger amount after 20 
seconds.
1c) TMT, example of the combined task were letters and numbers should be connected 
(1-A-2-B etc)
1d) Emotion Recognition Task, example of a happy and angry face shown at 100% intensity. 
A
C
B
D
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Chapter 7
Summary 
150
The aims of this thesis were to examine: 
1. Whether different subtypes of aggression actually can be distinguished in adolescents; 
2. If so, these different subtypes of aggression predict the clinical response to ART, and 
3. Whether individual characteristics (demographic and neurocognitive measures) predict 
the response to ART while taking into account these different subtypes of aggression.
4. All chapters, including a literature review and clinical (treatment) trials, were used to 
answer these key research questions. A summary of these results is described below 
(and see Figure 1 and Table 1).
The meta-analysis described in Chapter 2 evaluated twenty-five studies, including 1580 
boys and 722 girls, and revealed a medium treatment effect (Cohen’s d=.50) of Cognitive 
Behavior Therapy in lowering aggression in children and adolescents. However, there 
was a substantial variation across studies in design and outcome variable. No predictors 
of treatment response (i.e. gender, age, IQ, treatment duration, setting) could be 
established. Treatment setting and duration did not influence treatment effect, which 
shows that developing more cost-effective and shorter interventions should be explored. 
Studies regarding the role of proactive and reactive aggression on treatment response 
were lacking, even though previous research suggests that both subtypes might need 
different interventions. The results of the meta-analysis underline the need for the further 
exploration of proactive and reactive aggression as different subtypes of aggression 
described in Chapter 3 and the relation to treatment described in the remaining chapters. 
 In Chapter 3 a multi-level Latent Class Analysis was conducted to examine whether 
proactive and reactive aggression are meaningful distinctions at the variable-and person-
based level, and to determine their associated behavioral profiles. An aggregated sample of 
587 adolescents between 12 and 20 years old, with differing levels of aggression problems, 
was used. The variable-based approach (factor-analyses) found most support for three 
different forms of aggression (instead of the original two): proactive aggression, reactive 
aggression due to internal-frustration (also called frustration-based reactive aggression) 
and reactive aggression due to external provocation (also called threat-based reactive 
aggression). All three factors showed moderate to high correlations. The person-based 
approach (multi-level latent class analysis) revealed four different classes that mainly 
differed quantitatively (no ‘proactive-only’ class was found), yet also qualitatively when 
age was taken into account, with reactive aggression becoming more severe with age in 
the highest affected class yet diminishing with age in other classes. Internalizing problems 
were the strongest predictors for frustration-based reactive aggression, however all 
behavioral profiles were highly correlated with all three factors. We concluded that the 
clinical relevance of the distinction of proactive and reactive aggression using variable-
based analyses is challenged by the person-based analyses, showing that the distinction 
is mainly driven by severity of aggression. To further explore and support this conclusion, 
we used the three subtypes of aggression found in this chapter within the next chapters 
(except chapter 4) and examined their role regarding response to treatment.
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In Chapter 4 we investigated whether reactive and proactive aggression were differentially 
related to cognitive distortions and if changes in these cognitions related to changes 
in aggression. The original distinction of proactive and reactive aggression was used in 
this study. A sample of 151 adolescents with aggression and behavioral problems was 
enrolled. All adolescents received the Aggression Replacement Training within their school 
program or residential facility. Pre- and post cognitive distortions and aggressive behavior 
were measured using self-report questionnaires. Blaming Others was related to reactive 
aggression pre-intervention, while all cognitive distortions were related to proactive 
aggression pre-and post-intervention. Changes in reactive aggression after treatment 
were uniquely predicted by Blaming Others, while changes in proactive aggression were 
predicted by changes in cognitive distortions overall. 
 In Chapter 5 we examined whether the Aggression Replacement Training was equally 
effective in reducing reactive and proactive forms of aggression and callous-unemotional 
traits in adolescents. Hundred fifty-one adolescents with aggression problems (mean age 
14.8, 67.5% male) received Aggression Replacement Training (ART) within their school 
program and had pre- and post treatment assessments of various forms of aggression. 
Significant reductions of proactive and reactive aggression, but not CU traits, were found with 
medium to large effect sizes. Individual differences were found using the Reliable Change 
Index, differing from adolescent who improved, did not change or even deteriorated after 
treatment. Poor agreement was found between informants (45.7%) on overall aggression 
treatment response. Higher aggression levels at baseline mainly predicted greater change 
of aggression levels as a function of treatment (on all types), with only small additional 
predicting value of other predictors (higher IQ and completing treatment predicted better 
response). Highly aggressive adolescents benefitted most from the treatment, whereas 
adolescents with proportionally lower levels could even deteriorate. Adjusted treatment is 
needed for adolescents with CU-traits or with lower levels of aggression. 
 Furthermore, we investigated whether a broad range of cool and hot executive functions 
and socio-cognitive processes predicted treatment response to Aggression Replacement 
Training, since neuropsychological deficits could possibly explain individual variability of 
treatment response (Chapter 6). Adolescents who more often chose smaller immediate 
rewards on the temporal discounting task showed significantly less reduction in frustration-
based reactive aggression following ART.  Moreover, poorer performance on the Columbia 
Card task was related to less reduction in parentally observed aggression following ART. 
Impaired fearful expression recognition was associated with significantly less reduction in 
proactive aggression following ART. Overall, weak performance on emotion recognition and 
“hot” , but not “cool” EFs , was related to poorer treatment outcome to ART in adolescents. 
These results suggest that deficits in neurocognitive skills and emotion recognition explain 
part, but only small, of the variability (up to 5%) among individuals regarding treatment 
response in adolescents with aggression problems. The implications for optimizing ART and 
related treatment approaches for aggressive adolescents are discussed
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Figure 1: Summary of results per research question
Distinction
proactive
and reactive 
aggression
Studies
N=1580
Meta-analysis
of 25 studies
N=587
Multi-site study
(see box 3)
Chapter 5 Chapter 6
N=111 ART school
Rotterdam and N=40
residential facility 
Amsterdam
(N total=151)
N=151 ART school
in Rotterdam
Predictors
of CBT
Chapter 5 Chapter 6
Chapter 4
Chapter 4
Chapter 3
Chapter 2
- Medium eect CBT
- No specic predictors
- ART significantly reduced 
   aggression levels
- More cognitive distortions 
   in drop-outs and PA
- ART significantly reduced
   all types of aggression
   levels
- ART did NOT significantly 
   reduce CU-traits
- Individual variability 
   (also among subtypes of
   aggression in severity)
- Higher levels at baseline > 
   more change of aggression
- Deficits in ‘hot’ EF and 
   socio-cognitive 
   impairement (but not ‘cool’ 
   EF) > poorer treatment 
   outcome of aggression 
   levels after following ART
- Qualitative dierences 
   between proactive, 
   threatbased and 
   frustration-based 
   aggression are challenged 
   by quantitative dierences 
   (severity of aggression 
   levels)
- Development of reactive 
   aggression (in 
   combination with 
   proactive) over time
- Δ All cognitive disortions
  > Δ proactive aggression
  (PA)
- Δ Blaming others
   > Δ reactive aggression
   (RA)
- Completion ART > more 
   change threat-based RA
- Higher IQ > more change 
   PA
- Impulsive decision making 
   > less Δ frustration-based 
   RA
- Impaired fearful emotion 
   recognition > less Δ PA
- Impaired risk taking 
   behavior > less Δ RA 
   (parent -report)
- No predictors threat-based 
   RA
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Table 1 Summary of results per research question
Research question 1: 
Can  proactive and 
reactive aggression be 
distinguished?
Methods Results
Chapter 2: 
Meta-analysis 
Meta-analysis - A lack of studies regarding the role of proactive and reactive aggression on treatment 
response was found
Chapter 3: 
Distinction proactive 
and reactive 
aggression
Variable-based 
approach 
(Factor-analyses)
- Support was found for three different forms of aggression (factor-analyses):   
 proactive aggression frustration-based reactive aggression threat-based reactive 
aggression
- Proactive aggression (PA) was significantly higher correlated with conduct 
disorder and lower levels of internalizing problems
- Higher internalizing problems and ADHD were the strongest predictors for 
frustration-based reactive 
   aggression
- All behavioral profiles were highly correlated with all three factors
Person-based 
approach
 (Latent Class 
Analysis)
The results of the variable-based approach were challenged by the person-based 
approach: 
- Four different classes were found that mainly differed on levels of severity 
(no ‘proactive-only’ class was found; PA is always accompanied with RA)
- Differences on externalizing and internalizing behavioral profiles were based on the 
level of severity
- When age was taken into account, also qualitative differences were found 
(mainly in reactive aggression)
Chapter 4: 
Cognitive distortions 
as predictors of ART
Hierarchical 
linear regression 
analyses
-  Changes in proactive aggression after following Aggression Replacement 
Training were associated with changes in all cognitive distortions (more severe 
impaired)
- Changes in reactive aggression were associated with change in one cognitive 
distortion (blaming others) 
Chapter 5: 
Demographic variables 
as predictors of ART
Hierarchical 
linear regression 
analyses
-  Complement of training predicted more change of threat-based reactive 
aggression and a higher IQ predicted more change of proactive aggression 
(but only a small additional value)
Chapter 6: 
Neurocognitive 
variables as predictors 
of ART
Hierarchical 
linear regression 
analyses
- Changes in proactive aggression by impaired fearful emotional recognition only 
(socio-cognitive impairment)
- Changes in frustration-based reactive aggression were predicted by more 
impulsive decision-making (‘hot’ EF impairment)
- Changes in threat-based reactive aggression as a function of treatment were   
  not predicted by neurocognitive impairments
- Parent-report showed that risk taking behavior (‘hot’ EF impairment) predicted 
poorer treatment outcome on overall reactive aggression
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Research question 2: What works for 
whom using ART?
Analyses Results
Chapter 2: Meta-analysis Meta-analysis - Medium treatment effect (Cohen’s d=.50) of Cognitive 
Behavior Therapy was found, in lowering aggression in 
children and adolescents.
- No predictors of treatment response (i.e. gender, age, 
IQ, treatment duration, setting) could be established. 
- There was substantial variation across studies in design 
and outcome variables. 
Chapter 3: Distinction proactive and 
reactive aggression
 / /
Chapter 4: Cognitive distortions as 
predictors of ART
Hierarchical linear regression 
analyses
- Significant reduction of both types of aggression after 
following ART
- More cognitive distortions were reported in 
adolescents who dropped-out of study 
Chapter 5: Demographic variables as 
predictors of ART
Hierarchical linear regression 
analyses
- Significant reduction of aggression (both types) 
measured by parent-report and self-report after following 
ART on group-level
- No significant difference of CU-traits after following 
ART on group-level. Adjusted treatment is needed for 
adolescents with CU-traits
- Individual level variability between individuals, 
differing from improvement to even deterioration.  
- Poor agreement between parent and self-report was 
found
- Higher levels at baseline mainly predicted greater 
change of aggression after treatment (all subtypes)
- Complement of training predicted more change of 
threat-based reactive aggression aggression and a higher 
IQ predicted more change of proactive aggression (but only 
a small additional value)
Chapter 6: Neurocognitive variables 
as predictors of ART
Hierarchical linear regression 
analyses
- Deficits in mainly ‘hot’ executive functions and 
socio-cognitive impairment, but no ‘cool’ EF deficits 
were found to be related to poorer treatment outcome 
of aggression levels in adolescents
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Chapter 8
General Discussion
158
This general discussion describes and discusses key findings of all chapters in order to answer 
our main research questions. It points out strengths and limitations, suggests implications 
for clinical practice, shares our ‘lessons learned’ and closes with recommendations for 
future research. We first focus on the first research question, the distinction between 
proactive and reactive aggression.
Can proactive and reactive aggression be distinguished in adolescents 
with maladaptive aggression problems? 
The debate regarding the distinction of proactive and reactive aggression is still an 
unresolved issue in literature (Barker et al., 2010; Pang et al., 2013). Results concerning this 
distinction are described in this thesis and illustrate the complexity of this debate. The main 
aim of chapter 3 was to further unravel this distinction. Output, described in this chapter, 
derived from factor-analyses in a clinical sample of 587 with aggregated levels of aggression, 
showed that three different factors could be distinguished (with accompanied associated 
behavioral variables), namely: proactive aggression, frustration-based reactive aggression 
and threat-based reactive aggression. This distinction is in line with a recent model of Blair 
(2013), described in children and adolescents with conduct disorder and (with or without) 
CU-traits. However, when we translated these factors to the level of the individual, using 
multi-level latent class analyses, we found that the distinction of the three factors should 
be more nuanced. Adolescents with comparable individual characteristics were classified 
by their level of severity of aggression rather than their specific subtype. No groups of 
adolescents with only proactive aggression could be investigated. If proactive aggression 
was present, than reactive aggression was present too, but reactive aggression was found to 
be present without proactive aggression. This shows that the three-factor solution derived 
by using questionnaires cannot directly be translated into the level of the individual. This 
more nuanced model is in line with previous research, showing distinct levels of severity 
rather than typology on the individual level (Barker et al., 2006; Crapanzano et al., 2010; Cui, 
Colasante, Malti, Ribeaud, & Eisner, 2016; Tremblay, 2005). Yet, previous studies regarding 
the distinction of proactive and reactive aggression are mostly based on factor-analyses and 
their associated variables (Cima & Raine, 2009; Connor et al., 2004; Polman et al., 2007). 
Since clinical assessment and treatment decisions are primarily based on the individual’s 
status, which is in line with results of our research, the meaning of the distinction of 
proactive and reactive aggression in clinical practice should be critically discussed.
 Moreover, in line with these findings, the associated behavioral variables of the three 
different factors found in our study (chapter 3) were also challenged by the level of severity. 
Some differential different behavioral associations were found between the three factors, i.e. 
the level of proactive aggression was significantly higher correlated with the level of conduct 
disorder and the level of both forms of reactive aggression was significantly lower correlated 
with internalizing behavior problems. However, more clear behavioral differences on both 
externalizing and internalizing behavioral profiles were found based on the level of severity 
(highest affected group with both proactive and reactive aggression showing the highest 
159
8
behavioral problems on i.e. ADHD, CD and ODD behavioral problems, decreasing with the 
level of aggression). In addition, we found that both forms of reactive aggression became 
more severe with age in the highest affected group adolescents (combined with proactive 
aggression) yet diminishing with age in milder affected adolescents. These results are in line 
with previous research regarding the developmental trajectories of proactive and reactive 
aggression within children and adolescents (Barker et al., 2006; Cui et al., 2016). However, 
in contrast to our study, Barker et al. (2006) reported that all groups decreased with age 
and proactive and reactive aggression always co-occurred; and in our study aggression did 
increase in the most affected groups and reactive aggression seemed to precede proactive 
aggression. It shows, however, that reactive aggression can give more insight in development 
of aggression over time than proactive aggression, since both types of aggression co-occur at 
all levels of severity and the effect of age was only found in reactive aggression in our study. 
Overall, it can be concluded that subtyping adolescents is less relevant in a clinical sample 
of adolescents with maladaptive aggression, since adolescents with clinical relevant levels 
of aggression show a combination of both reactive and proactive subtypes of aggression 
and accompanied behavioral problems. Therefore, it should be of interest to examine the 
distinction of aggression in a community sample including more variation of aggression 
levels, to further examine if a clear distinction in typology can be made when investigating 
at a broader group of adolescents.
 To further explore different and overlapping associated variables of proactive and 
reactive aggression, we also focused on their distinct correlations regarding treatment 
of aggression using Aggression Replacement Training (multi-model CBT). As shown in the 
meta-analysis conducted in Chapter 2, we were unable to find evidence for a moderating 
role of proactive and reactive aggression of the treatment response, even though previous 
research suggests that both subtypes might need different interventions (McAdams 
III., 2002; Vitaro et al., 2002). Results of Chapter 4 demonstrated different cognitive 
distortions as predictors of treatment change of proactive and reactive aggression 
(the original subtypes were used in this study). Changes in proactive aggression after 
treatment (Aggression Replacement Training) were associated with changes in all 
cognitive distortions, rather than change in only one cognitive distortion (misattributing 
others) in reactive aggression. These results support the results of Chapter 3, showing 
levels of severity rather than a distinct typology model, with more cognitive distortions 
in proactive aggression than in reactive aggression. In addition, previous research within 
a non-clinical sample of elementary school children (10-13years old) did show a clear 
distinction of cognitive distortions between proactive and reactive aggression (Koolen, 
Poorthuis, & van Aken, 2012). This could support the idea that a more nuanced distinction 
between the subtypes possibly can be found in a community sample, but not in a clinical 
sample where proactive aggression is always accompanied with reactive aggression. This 
supports a dimensional rather than a categorical model of aggression. In clinical practice 
interventions should be focused on change of all different cognitive distortions, to prevent 
or reduce further deficits and attendant severe aggressive behavior. 
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 In Chapter 5 and 6 some further differential associations between proactive aggression 
and the two different forms of reactive aggression after following the Aggression 
Replacement Training were investigated, namely: less change in frustration-based reactive 
aggression after following ART was predicted by impulsive decision making, less change 
in threat-based reactive aggression was predicted by not completing ART, less change on 
overall reactive aggression reported by parents was predicted by risk-taking behavior and 
less change in proactive aggression was predicted by having a lower IQ and impaired fearful 
emotional recognition. This shows that adolescents with poorer treatment outcomes on 
both proactive and reactive aggression have more, although different, neurocognitive 
impairments, which is in line with previous research of Fishbein et al. (2006) (albeit 
subtyping was not taken into account in this study of Fishbein). As to IQ, our results were 
consistent with previous research showing that a lower IQ predicted poor CBT treatment 
response on proactive aggression (Bennett & Gibbons, 2000; Lynam et al., 1993). 
 In line with the fact that in a clinical sample proactive and reactive aggression often go 
hand-and-hand together, results in Chapter 5 and 6 illustrated that proactive as well as both 
reactive forms of aggression decreased after following ART, showing no differences regarding 
the subtypes on group-level. This is in line with a previous school-based intervention program 
focused on aggression in 10-year old children (Stoltz, van Londen, et al., 2013). On the individual 
level, we observed most improvement in threat-based reactive aggression, followed by less 
improvement in frustration-based reactive aggression and least improvement in proactive 
aggression. This supports the fact that, taken together, more behavioral and cognitive deficits 
were reflected in proactive aggression, followed by frustration-based aggression and then 
threat-based aggression (see also Table 1 and Figure 1). 
 Overall, what can we conclude from all these different studies we have conducted 
and with results of previous literature bearing in mind? These results imply that the 
distinction between proactive and reactive aggression should be made with a more 
sensitive and dimensional approach. It is not the question whether reactive aggression 
is present with or without proactive aggression (or the other way around), but to what 
degree both characteristics of reactive and proactive aggression can be found within an 
individual, reflecting the severity of the clinical problems. This will asks for a more sensitive 
assessment of both dispositions of aggression, for example by combining questionnaires 
of several informants, observations of behavior, lab-created situations (i.e. virtual 
reality) and neurocognitive measurements. Furthermore, it is shown that proactive and 
reactive aggression do show some significantly, distinct associations regarding behavioral, 
neurocognitive and cognitive predictors (also with regard to treatment response), but 
all with respect to severity levels of aggression. A possible explanation of the described 
results above could be that these differences between the subtypes are rather based on 
the development of the severity of aggression over time. Threat-based aggression seems to 
be less aggravating than frustration-based aggression and both seem to be less aggravating 
than proactive aggression (which is always accompanied with reactive aggression). This 
is in line with previous research suggesting that reactive aggression precedes proactive 
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aggression (Vitaro et al., 2006), with the additional note that if proactive aggression is 
occurring than reactive aggression will also be stable over time. It might be the case that 
according the model of Blair (Blair, 2013), frustration-based aggression often will co-occur 
with proactive aggression in a very severe form of aggression and threat-based aggression 
will precede these forms. This might indicate that low to moderate levels of reactive 
aggression in younger adolescents seems to be more “normal” at younger age when coping 
strategies are still lacking. However, when not diminishing with age this may become 
more persistent and severe at older age and could lead to clinical levels of aggression. 
The vulnerability within an individual to express more severe levels of aggression (and 
accompanied behavioral problems) could be based on different etiologies as suggested 
by Blair (2013), like perinatal factors, environmental factors in which context aggression 
is expressed (i.e life-events, violence or neglect) or genetic vulnerability. Therefore, future 
studies should include a longitudinal study design, to investigate the development of 
aggression over time within the same individuals and include different behavioral and 
developmental variables to explore possible differences between the etiology of aggression 
severity levels over time. 
 Also, future research should include a person-based approach, combined with a 
variable-based approach, to improve translation of the results to clinical practice, which 
is necessary for clinicians to gain better insight in symptomatology and indication for 
treatment tailored to individual needs or further develop the effectiveness of ART to a 
broader group of adolescents. Furthermore, the results were all obtained within a clinical 
sample, which could have lead to possible bias of the results (i.e. lacking to find a proactive-
only group). It would be of interest to conduct a similar study regarding proactive and 
reactive aggression, including a person-based and variable-based approach, within a 
community sample and with a longitudinal study design to examine the development of 
aggression over time. Possibly, a proactive-only group might be present in this community 
sample, since this subtype may be less overt and hence does not automatically lead 
to clinical referral (Kempes et al., 2005). Since development of aggression seems to be 
reflected in the severity of aggression, it is important to develop more preventive and 
effective interventions of maladaptive aggression tailored to the individual needs. In the 
next paragraph we try to investigate what actually works to reduce aggression problems 
after following the Aggression Replacement Training. 
What works and especially for whom regarding treatment of aggression 
in adolescents using the Aggression Replacement Training?
To prevent and reduce aggressive behavior in adolescents, interventions adapted to 
personal needs are essential. It is important to investigate which moderating variables (i.e. 
like age, gender or different subtypes of aggression) could influence treatment response, 
to enable clinicians to make the most optimal decision for treatment in order to reduce 
aggression problems. The relevance of this topic and the need for translation of research 
results to clinical practice is still very up to date and needed, which was recently shown in 
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a paper of Sukhodolsky, Vander Wyk, et al. (2016). This study of Sukhodolsky, Vander Wyk, 
et al. (2016) introduces a research design in which subjects were examined who respond 
(or not respond) to CBT for aggression, investigating the cognitive (neural) mechanisms 
focused on withdrawal or prevention of reward. They suggest that these results can 
provide a neuroscience-based classification scheme that will improve treatment outcomes 
for children and adolescents with aggressive behavior. This research design, which is not 
conducted yet, was developed in line with the Research Domain Criteria (RDoC; http://
www.nimh.nih.gov/research-priorities/rdoc/nimh-research-domain-criteria-rdoc.shtml) 
initiative of the National Institute of Mental Health (NIMH) in order to explicate the core 
dimensions of psychopathology along multiple levels (i.e. from behavior to neural circuits). 
Hence, this illustrates that results of the present thesis are very up to date and relevant, 
since we already have set a first step regarding this further explicating of maladaptive 
aggressive behavior, including different dimensions of psychopathology, in relation to 
treatment of aggression. 
 Results of our meta-analyses (Chapter 2) showed that CBT is effective in most of the 
adolescents, but is certainly not effective for all. Since no moderators of treatment effect 
could be found when results of 25 studies were assembled, the question still remained: 
what works to reduce aggressive behavior and which factors do actually predict profiles of 
responders and non-responders? However, it should be noted that there was a substantial 
variation across studies in design and outcome variables which could have biased results. 
It is generally assumed that proactive and reactive aggression need different types of 
treatment (Masi et al., 2011; McAdams III., 2002). However, results of Chapter 4-6 showed 
that after following the Aggression Replacement Training, on group level, both levels of 
proactive and reactive aggression significantly reduced according to self-report of the 
adolescents and also overall levels of reactive aggression were significantly reduced as 
reported by parents. This was also found in a previous school-based CBT study conducted 
in The Netherlands in younger children (10-years old), which raises the question if different 
types of treatment are actually needed (Stoltz, van Londen, et al., 2013). In contrast to 
the aggression levels on group-level, the  level of CU-traits (measured by self-report) did 
not decrease over time. Yet, results on the level of the individual (reported in Chapter 5), 
showed that high levels of CU-traits can decrease over time (varying per individual), which 
is in line with a previous study of Muratori et al. (2015). This variation in results regarding 
treatment of CU-traits is in accordance with a recent review of Wilkinson et al. (2015) 
which reported quite some variation in change of CU-traits in children and adolescents 
up to 18 years old after treatment (socio-emotional, cognitive processing, multimodal or 
behavioral therapy). The evidence of the study supports the idea that children with CU-
traits do show reductions in both their CU-traits and antisocial behavior, but typically begin 
treatment with poorer premorbid functioning and can end with higher levels of antisocial 
behavior. CU-traits are also included in the DSM-5 as specific subgroup of CD and are 
considered to be a stable trait which is less likely to vary over time (Scheepers et al., 2010). 
Therefore, more specific targeted treatment appears to be indicated for adolescents with 
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CU-traits like additional parent management training, modulation of their arousal level 
and/- or empathic skills training. It is suggested that group psychosocial training in addition 
with parent-management training is effective in adolescents with DBD and CU-traits. 
Adolescents learn to express and share their emotions by observing their peers doing so. 
This improves their understanding of other people’s emotions and empathy level, which 
seems to be more effective than individual treatment (Muratori et al., 2015). In addition, a 
study of Masi et al. (2016) shows that medication added to psychosocial treatment could 
reduce aggression levels, but not CU-traits, and therefore is not of additional value when 
aiming to reduce levels of CU-traits. For clinical practice, it is important to investigate if CU-
traits are present within an individual, since additional or different treatment is needed as 
suggested. The model of Blair (2013) describes that CU-traits are related to individuals with 
proactive aggression and reduced emotional empathy (reflected in decreased amygdala 
responsiveness), and accompanied frustration-based reactive aggression and deficits in 
decision making behavior (reflected in decreased striatal and vmPFC responsiveness). 
Clinicians should be aware of accompanied severe behavioral problems if CU-traits are 
present. In our model described in Chapter 3, this is linked to more severe levels of clinical 
behavioral problems of ODD, CD and ADHD and warrants more intensive treatment or even 
more desirable, preventive interventions. 
 Nevertheless, it is important to not overestimate the effects of the Aggression 
Replacement Training in our study, since more limited results were found when looking 
at the individual levels (Chapter 5). Here, results were differing from adolescents who do 
indeed improve to adolescents who even seem to deteriorate. One of the factors which 
could influence this is that severity of aggression seems to play a role in improvement: 
showing less treatment change in proactive aggression, followed by frustration-based 
reactive aggression and with largest treatment change in threat-based reactive aggression 
(being less aggravated). These individual results illustrated that ART does not decrease 
aggression levels in all adolescents, but in most of the adolescents aggression levels seemed 
to be improved or did not change over time and of these, 65.5% (self-report) and 80.3% 
(parent-report) showed non-clinical levels of aggression after treatment. This shows that 
ART can be used in adolescents to prevent future aggression problems. Yet, adolescents 
who improved after treatment, showed higher levels at baseline for all aggression types 
and their levels of CU-traits, and conversely. Care should be taken when placing adolescents 
with only mild forms of aggression in these kinds of group therapy’s, since lower levels 
of aggression (proactive, reactive and CU-traits) can increase over time after following 
ART, showing that some adolescents might better benefit from individualized treatment. 
However, this should be further investigated, since it could also reflect a regression to 
the mean effect. One might argue that improvement of aggression scores at endpoint 
compared to baseline may be due to regression to the mean rather than reflect treatment 
effects perse (Morton & Torgerson, 2005). Since we did not have repeated measures of 
aggression in our sample unrelated to treatment, we cannot fully rule out this mechanism. 
However, we believe this is unlikely the major mechanism since all of our subjects had been 
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referred to this particular school and treatment setting because of their persistent high 
levels of aggression.
The role of moderators on treatment effect
Demographic specific variables 
No evidence was found for age, gender, ethnicity, single parent (divorced parents or not), 
police contact before (yes/no) and social economic status (SES) as possible predictors of 
treatment success. An exception is the association of a lower IQ predicting less change of 
proactive aggression after treatment and lower levels of baseline aggression predicting 
less change of aggression over time (all subtypes). This shows that ART can be deployed 
for a broad group of adolescents and no selection has to be made based on demographic 
variables. It is however important to keep in mind that ART in adolescents with a lower 
IQ and mixing a group of adolescents with different levels of aggression can be less 
effective. Furthermore, Chapter 3 showed an interaction of age on the development of 
severity of aggression. Clinicians should take age and the development of aggression levels 
into account, since younger adolescents with higher levels of reactive aggression are at 
risk to develop more severe levels of reactive aggression (in combination with proactive 
aggression) at older age, and possibly need more intensive and/or preventive treatment 
programs.
Treatment specific variables 
ART specific variables included the completion of the ART training (whether or not 
participants received a certificate if they attended enough sessions of the ART training). 
Completing the ART predicted more change of threat-based reactive aggression and overall 
self-report aggression, showing that it is important to finish treatment to obtain a better 
outcome. In our study further treatment specific variables were not included, since we did 
not question the effectiveness of ART and the working mechanisms of the training, but 
we focused on responder and non-responders profiles. The meta-analyses conducted in 
Chapter 2 also investigated treatment specific variables predicting treatment outcome of 
CBT interventions. Treatment duration, treatment setting (school, home or clinical setting) 
and type of intervention (group, individual or family intervention) did not predict treatment 
outcome. Since no difference were found in duration, type and setting of treatment, and 
some CBT programs are of quite long duration or individual based, it is of interest to further 
investigate less-invasive (and often cost-effective) school, group-based interventions. Also 
since previous CBT school-based group focused interventions of aggression have shown to 
be effective (Gansle, 2005; Stoltz, van Londen, et al., 2013; Wilson, Lipsey, & Derzon, 2003).
Cognitive and Neurocognitive variables  
As previously described, deficits in cognitive distortions predicted poorer treatment outcome 
on reactive aggression (‘Blaming Others’) and proactive aggression (all distortions). It 
should be noted that there was a rather high rate of drop-out in our study (n=53). However 
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drop-outs  did not show different levels of proactive and reactive aggression, but did show 
more cognitive distortions. Thus, it is important to focus on changing cognitive distortions 
to minimize treatment drop-outs and reduce aggressive behavior. Also since adolescents 
with more cognitive distortions seem of higher risk to drop out of the study and treatment, 
preventive and earlier interventions regarding aggression problems and related information 
processing problems seem to be warranted. Furthermore, some neurocognitive predictors 
were found with regard to treatment response within different subtypes of aggression. 
More impulsive decision making seems to predict poorer treatment outcomes of 
frustration-based reactive aggression. This subtype of aggression reflects inflexibility and 
expressed frustration using aggression if i.e. goals cannot be obtained. Deficits in decision 
making have been found in previous research in adolescents with CD and DBD (comorbid 
with ADHD) and adolescents with psychopathic traits, resulting in choosing significantly 
smaller amounts of immediate reward than the larger future awards (Matthys et al., 2013; 
White et al., 2014). This is also linked to poorer treatment outcome in CBT in offenders 
(Vaske et al., 2011). It is suggested that these deficits are linked to decreased striatal and 
ventromedial prefrontal cortex responsiveness (Blair, 2013). This is in line with recent 
research showing ventromedial prefrontal cortex dysfunction in the ultimatum game task 
(social fairness game) predicting level of reactive aggression in youths with DBD (reduced 
amygdala-ventromedial prefrontal cortex connectivity during high provocation) (White et 
al., 2016).
 Furthermore, less change in proactive aggression after ART was predicted by impaired 
fearful emotional recognition (socio-cognitive impairment). This is also in line with 
previous research, showing impaired emotion recognition in individuals with anti-social 
behavior problems and is linked to decreased amygdala responsiveness and associated 
reduced emotional empathy (Blair, 2013; Marsh & Blair, 2008). In addition, parent-report 
showed that risk taking behavior predicted poorer treatment outcome on overall reactive 
aggression, which is in line with previous research regarding aggression and treatment 
outcome (De Brito et al., 2013; Fishbein et al., 2006; Matthys et al., 2013). However, 
these neurocognitive predictors only predicted a small part of the explained variance in 
our study, which on questions the additional value of these tasks in clinical practice. Also, 
poor agreement was found between informants on overall aggression treatment response 
and future research should include more informants and observational assessments, as 
described before. Furthermore no predictors for threat-based reactive aggression could 
be investigated. This could be explained by the fact that we did not include a tasks that 
properly measured ‘threat’ induced anxiety or impulsivity task and empathy related task, 
which is often related to these functions.  Overall, deficits in ‘hot’ EF functioning were 
found and not in ‘cool’ EF functioning, showing that areas reflecting affect and reward 
sensitivity are mainly important regarding the expression of aggressive behavior and need 
change in order to reduce aggressive behavior over time. 
 A study of Vaske et al. (2011) illustrates that cognitive skills programs often focus 
on reducing deficits in cognitive processes, or on changing how people think. More 
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specifically, cognitive skills programs commonly target increasing self-control, the ability 
to recognize short and long term consequences of behaviors, improving decision making, 
and strengthening problem-solving skills and moral reasoning. Furthermore, individuals 
should learn coping strategies in order to for example oversee their decisions on the 
long-term, preventing them from using aggressive behavior. It is suggested that CBT 
predominantly leads to change in associated brain functioning. Therefore, future research 
should include brain imaging technology to enhance CBT programs, especially for difficult 
to treat populations. Also, it would be of interest to first investigate possible neurocognitive 
deficits in individuals before starting CBT, to adjust the treatment and train these specific 
deficits within CBT. However, at first, further research should be conducted to obtain if 
brain functioning will change after CBT in adolescents with aggression problems. 
Limitations and future research
These findings come with some limitations. First, methodological limitations are highlighted. 
The majority of intervention studies are conducted within ideal conditions, involving highly 
controlled setting with carefully selected individuals, randomized to an intervention and 
control condition. For several reasons, our study was not conducted in such a controlled 
setting and did not involve a control group, namely: 1) in real-world mental health care 
services more complex and heterogeneous groups of adolescents are included, certainly 
in this (as earlier described) very heterogeneous group of individuals with aggression 
problems; 2) since ART has previously been reported as an effective treatment of aggression 
for use in clinical practice in The Netherlands, we tried to further investigate for whom 
this program actually is effective (or not) and applied the ART as ‘treatment-as-usual’ in 
clinical practice (see http://nji.nl/nl/Databank/Databank-Effectieve-Jeugdinterventies/
ART-Aggression-Replacement-Training); 3) more interest has been shown in recent trials 
conducted in real-world settings, delivered by regular staff (Stoltz, Deković, et al., 2013; 
Weisz et al., 2005); 4) no control group was included, since we did not investigate the 
effectiveness of the treatment. As a consequence of this real-world approach, raters were 
not blinded and potentially biased. However, that adolescents reported a decrease of 
aggression levels, but not CU-traits, and in some adolescents deterioration of symptoms 
was reported does not support this potential bias.
 Furthermore, poor agreement was found between self-report and parent-report, 
furthermore teacher-report was lacking. Also, no subtypes of aggression and CU-traits 
were obtained from parents and teachers, which could have given us more insight on the 
agreement between informants. In addition, adolescents with a wide IQ range (55-127) 
were included in the treatment studies (Chapter 4-6), however showing the generic effect 
of ART in all levels without adjusting treatment. Another limitation in our thesis was that we 
did not include contextual information (i.e. like violence used at home, neglect, traumatic 
life events), while this is also important information regarding the expression and etiology 
of aggression. Also, no population sample was included in Chapter 3, which could have lead 
to selection bias and an incomplete sample where possible subgroups (proactive-only) have 
167
8
been left out. Future research should include a population sample, next to a clinical sample, 
to investigate if proactive aggression does exist in a population sample however being 
expressed less overt without referral to clinical practice. Moreover, the study in Chapter 
3, did not use a longitudinal study design and only cross-sectional data could be used. 
Observing aggressive behavior during the development of being an infant (or even during 
pregnancy) until late adulthood, should be indicated for future research. Also, aggressive 
behavior should be assessed with several instruments, like observations, questionnaires by 
different informants (teacher, parent, self and peer-report), neurocognitive measurements 
and also using fMRI assessment (brain studies) using clinical and population samples which 
represent real-life data. And as shown in our research, future research should include a 
person-based approach, next to a variable-based approach, to improve translation of the 
results to clinical practice.
Clinical implications 
Our thesis shows that proactive and reactive aggression can mainly be distinguished on the 
level of severity of aggression rather than on different typology. Furthermore, this severity 
is expressed within the development of aggression. Low to moderate levels of reactive 
aggression in younger adolescents seems to be more “normal” at younger age when coping 
strategies are still lacking. However, when not diminishing with age this may become more 
persistent and severe at older age, developing clinical levels of aggression. Therefore, 
clinicians should take age and the development of aggression levels into account, since 
younger adolescents with higher levels of reactive aggression are at risk to develop more 
severe levels of reactive aggression (in combination with proactive aggression) at older 
age. Furthermore, the Aggression Replacement Training can be used in clinical practice to 
reduce (proactive and reactive) aggression in adolescents, but not for reducing CU-traits. 
Additional treatment is needed for adolescents with CU-traits accompanied with aggression 
problems, like additional parent-management training or empathy training. Moreover, not 
only for additional treatment it should be assessed whether CU-traits are present or not, 
also since it is know that CU-traits are accompanied with other severe clinical behavioral 
problems. Furthermore, deficits in impulsive decision making strategies could be trained 
in addition to ART to reduce frustration-based reactive aggression, emotion recognition 
(mainly fearful faces) could be trained to reduce proactive aggression after treatment and 
risk taking behavior could be trained to reduce overall reactive aggression. Also, cognitive 
distortions should be trained to reduce both reactive and proactive aggression. Overall, 
ART can be used in a broad group of adolescents without having any contra-indications 
as observed in this study. However, care should be taken regarding adolescents with a 
lower IQ and mixing adolescents with very severe and mild levels of aggression to obtain 
an optimal treatment effect. There is a  need for preventive interventions for children and 
adolescents, which could already be given on (elementary) schools in order to prevent 
future aggression problems and develop more coping strategies to deal with aggression, 
like self-control, empathic skills, expression of emotions and reward sensitivity.
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Lessons learned 
Conducting research regarding externalizing behavioral problems in adolescents can be 
challenging. From the moment that inappropriate aggressive behavior is expressed and 
adolescents are expelled from their school or being referred to clinical practice, there is 
a major need for help. The need and motivation to be involved in a research study is less 
urgent for these adolescents and their parents, teachers and clinicians, at least that is what 
we have experienced the past years conducting this research. At first we started with a very 
structured, highly controlled research design, including a RCT design (comparing ART with 
Risperidone and a combination of both). However, we learned that conducting research 
within this clinical population needs more than a structured, highly controlled research 
design. Randomization of treatment is very difficult, since motivation problems play an 
important role (either to start with ART or start with Risperidone) and drop-out is high when 
adolescents, parents and clinicians do not get the treatment they were expecting from 
the randomization trial. Therefore, after a short period, we changed our research design 
(in line with the ethical committee) to conduct research in a real-world sample where all 
adolescents within a school for children with behavioral and aggression problems received 
the Aggression Replacement Training. Furthermore, Chapter 3 and 4 were conducted in 
cooperation with another research group within The Netherlands, resulting in large samples 
with a various group of adolescents with aggression problems. Certainly when conducting 
research with a quite difficult sample, it is recommended to combine research questions, 
data and expertise in order to conduct research with larger samples and of higher quality. 
Another lesson we have learned is to keep to connect research as much as possible with 
clinical practice in order to translate the research results for clinical need. 
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Nederlandse samenvatting
Agressief gedrag is een onderdeel van de menselijke natuur, elk individu ervaart gevoelens 
van woede of agressie in zijn leven. Voor onze voorouders was het zelfs essentieel om 
agressief gedrag te gebruiken om te kunnen overleven. Gedurende de evolutie werd 
agressief gedrag echter steeds minder functioneel, mensen werden beschaafder en het 
lukte steeds beter om agressie en woede te controleren. In onze huidige samenleving 
komt agressief gedrag daarentegen nog steeds vaak voor. Het is een belangrijk onderdeel 
van onze ontwikkeling, waarbij het meer aanwezig is tijdens de vroege kindertijd en piekt 
tijdens de adolescentie. Kinderen leren tijdens hun ontwikkeling om woede en agressie 
beter te controleren en zich aan te passen aan de omgeving. Niettemin, dit lukt niet bij 
alle kinderen, waardoor er soms veelvuldig agressief gedrag blijft bestaan, resulterend in 
disruptief en oppositioneel gedrag (Tremblay, 2010). Agressie kan gedefinieerd worden als 
gedrag dat bewust gericht is op een persoon, object of dier met de bedoeling om schade 
aan te richten (Gannon, Ward, Beech, & Fisher, 2007). Agressief gedrag is een complex en 
heterogeen fenomeen, het kan zich op veel verschillende manieren uiten: bijvoorbeeld 
fysiek, verbaal, openlijk of gesloten, impulsief of weloverwogen, gericht op voorwerpen of 
persoonsgerelateerde agressie.
 In de literatuur wordt het onderscheid tussen reactieve en proactieve agressie veelvuldig 
beschreven. Reactieve agressie is een emotionele respons op een frustratie, dreiging 
of provocatie en is met name een impulsieve vorm van agressie. Proactieve agresssie is 
meer bewuste en geplande agressie die ingezet wordt voor persoonlijk gewin en eigen 
motieven. De meningen verschillen echter of deze verschillende subtypes ook op een 
relevante manier te onderscheiden zijn bij adolescenten en of dit onderscheid in agressie 
invloed heeft op de behandelrespons om agressie te verminderen bij adolescenten. Omdat 
agressief gedrag zowel fysieke als psychologische schade aan kan richten (zoals contact met 
politie, justitie of schorsing van school), is het van belang er direct aandacht aan te besteden 
en het aan te pakken (Buitelaar et al., 2013; Fossum, Handegård, Martinussen, & Mørch, 
2008; Romeo, Knapp, & Scott, 2006). Daarnaast blijkt uit onderzoek dat als agressie niet 
behandeld wordt op jongere leeftijd, de kans groot is dat het agressieve gedrag persisteert 
tot in de volwassenheid (Frick & Viding, 2009; Monahan, Steinberg, & Cauffman, 2009). Het 
is daarom van belang dat er effectieve interventies beschikbaar zijn om agressief gedrag 
aan te kunnen pakken of juist te voorkomen. Onderzoek heeft laten zien dat Cognitieve 
Gedragtherapie (CGT) een effectieve interventie is om agressief gedrag te verminderen, 
door te focussen op cognitieve misinterpretaties, bewustwording van gevoelens en het 
vergroten van controle over gedrag (Fossum et al., 2008; Sukhodolsky, Kassinove, & 
Gorman, 2004). De effectgroottes zijn gemiddeld, wat laat zien dat CGT voor een grote 
groep effectief is, maar lang niet voor iedereen. Helaas is er een gebrek aan onderzoek 
wat zich richt op welke factoren mogelijk van invloed zijn op het behandelsucces. Met 
andere woorden, waarom werkt CGT voor sommige jongeren wel maar voor anderen niet? 
In onze studie is gekozen voor een specifieke vorm van een multi-modale CGT, namelijk 
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de ‘Aggression Replacement Training’. Het huidige proefschrift heeft als doel de volgende 
hoofdvragen te onderzoeken: 
1. Kunnen er relevante subtypes van agressie onderscheiden worden bij adolescenten?
2.  Mits dit onderscheid gemaakt kan worden, in hoeverre verschillen deze subtypes wat 
betreft response op behandeling na het volgen van de  Aggression Replacement Training 
(ART)?
3.  En welke individuele factoren (demografische of neurocognitieve maten) voorspellen 
behandelresponse van de ART wanneer we deze verschillende subtypes verder 
onderzoeken?
In hoofdstuk 2 bevinden zich de resultaten van een literatuurstudie (meta-analyse) naar 
25 studies gericht op CGT-interventies voor agressieproblematiek. In totaal werden er 1580 
jongens en 722 meisjes geïncludeerd en werd er een medium behandeleffect gevonden van 
CGT om agressie te verminderen in kinderen en adolescenten (Conhen’s d=.50). Echter, er 
werd een groot verschil gevonden in opzet en uitkomstvariabelen tussen de verschillende 
studies. Er konden geen predictoren van behandelrespons vastgesteld worden (bijvoorbeeld 
geslacht, leeftijd, IQ, behandelduur of setting). Dat behandelduur en -setting niet als 
voorspeller werden gevonden voor behandelrespons, laat zien het ontwikkelen van meer 
kortdurende (en daarmee kosten-effectieve) interventies geëxploreerd kan worden. Er 
bleek daarnaast een gebrek aan studies gericht op het verschil van proactieve en reactieve 
agressie op behandelsucces te zijn, terwijl eerder onderzoek wel suggereert dat beide type 
agressie een andere aanpak nodig hebben. De resultaten gevonden in de meta-analyse 
onderstrepen het belang van het verder onderzoeken of proactieve en reactieve agressie 
onderscheiden dienen te worden en verschillend behandelrespons op CGT hebben. Dit is 
verder beschreven in de overige hoofdstukken. 
 In hoofdstuk 3 werd er een multi-level Latent Class Analysis (LCA) uitgevoerd om te 
onderzoeken of proactieve en reactieve agressie inderdaad relevant te onderscheiden 
zijn op zowel variabele- en persoons-gerelateerd niveau en of daaraan gerelateerde 
gedragsprofielen vast te stellen (zijn?). Een geaggregeerde onderzoeksgroep van 587 
adolescenten tussen de 12 en 20 jaar oud werd gebruikt, bestaande uit verschillende niveaus 
van agressieproblemen. The resultaten op variabele-niveau (factor-analyses) ondersteunde 
een drie-factor model van agressie (in plaats van de originele twee factoren) namelijk: 
proactieve agressie, reactieve agressie door interne frustratie (ook wel op frustratie-
gebaseerde agressie) en reactieve agressie door externe provocatie (ook wel op dreiging-
gebaseerde agressie). Alle drie de factoren waren middelmatig tot hoog gecorreleerd. Op 
persoonsniveau (multi-level class analysis) werden er vier klasses vastgesteld, die met 
name verschilden op ernst van agressie (er werd geen puur proactieve klasse gevonden), 
maar ook kwalitatief van elkaar verschilden als er rekening werd gehouden met leeftijd. 
Toenemend met leeftijd nam reactieve agressie in ernst toe in de hoogst aangedane klasse, 
terwijl de ernst afnam in de overige klasses. Internaliserende problemen voorspelden de 
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op frustratie-gerichte reactieve agressie het sterkst, hoewel alle gedragsprofielen hoog 
gecorreleerd waren met alle drie de factoren. Concluderend kan gesteld worden dat de 
klinische relevantie van het verschil tussen proactieve en reactieve agressie op variabele-
niveau niet geheel ondersteund wordt door de resultaten op persoonsniveau, waarbij het 
verschil met name wordt gezien op basis van ernst van agressie (proactieve agressie komt 
niet voor zonder reactieve agressie). Om de klinische relevantie van de subtypes verder te 
onderzoeken, is de rol van de drie vormen van agressie verder onderzocht op de respons 
van behandeling in de volgende hoofdstukken. 
 In hoofdstuk 4 hebben we onderzocht of proactieve en reactive agressie verschillend 
gerelateerd zijn aan cognitieve misinterpretaties (‘denkfouten’) en of verandering in deze 
cognities waren gerelateerd aan het veranderen van agressief gedrag. In deze studie werd het 
originele onderscheid van proactieve en reactieve agressie gebruikt. Een onderzoeksgroep 
van 151 adolescenten met agressie en gedragsproblemen werd samengevoegd. Alle 
adolescenten ontvingen de Aggression Replacement Training binnen hun schoolprogramma 
of binnen de gesloten instelling. Voor- en nametingen van cognitieve misinterpretaties en 
agressief gedrag werden afgenomen door gebruik te maken van zelfrapportage. ‘Anderen 
de schuld geven’ was gerelateerd aan reactieve agressie gemeten voor de behandeling, 
terwijl alle andere cognitieve misinterpretaies waren gerelateerd aan proactieve agressie, 
zowel voor als na de behandeling. Verandering in reactieve agressie na de behandeling 
werd uniek voorspeld door ‘anderen de schuld geven’, terwijl verandering in proactieve 
agressie werd voorspeld door alle cognitieve misinterpretaties. Dit lijkt overeen te komen 
met het feit dat proactieve agressie meer ernstig (voorspeld door alle soorten denkfouten) 
is dan reactieve agressie (voorspeld door één denkfout). 
 In hoofdstuk 5 hebben we onderzocht of de Aggression Replacement Training gelijkmatig 
effectief was voor het verminderen van zowel vormen van reactieve- als proctieve 
agressie en ‘callous-unemotional traits’ (kille en emotieloze trekken) in adolescenten. 
151 adolescenten met agressieproblemen (gemiddelde leeftijd 14.8 jaar, 67.5% jongen) 
ontvingen de ART training in hun schoolprogramma. Voor- en na de behandeling werden 
vragenlijsten afgenomen gericht op verschillende subypten van agressie. Een significante 
afname van proactieve en reactieve agressie, maar niet van CU-traits, werd vastgesteld 
met medium tot grote effectgroottes. Individuele verschillen werden gevonden door 
gebruik te maken van de ‘Reliable Change Index’, wisselend van adolescenten waarbij 
de agressie af nam, niet verschilde of zelfs verslechterde na de behandeling. Er werd 
een slechte overeenkomst gevonden tussen de verschillende informanten (45.7%) op de 
totale agressieschaal. Ernstigere agressie bij de voormeting voorspelde meer verandering 
van agressie na behandeling (op alle drie de vormen van agressie), met alleen een kleine 
aanvullende voorspellende waarde van overige predictoren (hoger IQ en afmaken van 
training voorspelde beter behandelrespons). Adolescenten met ernstige niveaus van 
agressie profiteerden het meest van de training, waarbij sommige adolescenten met 
proportioneel lagere niveaus van agressie zelfs verslechterden. Aangepaste behandeling is 
nodig voor jongeren met CU-traits of lagere niveau van agressie. 
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Aanvullend hebben we onderzocht of een brede variatie van ‘cool’ en ‘hot’ executieve 
functies en socio-cognitieve processen, behandelrespons van ART voorspelden. Met name 
omdat neuropsychologische tekortkoming mogelijk individuele verschillen in behandeling 
kunnen voorspellen (hoofdstuk 6). Adolescenten die vaker kozen voor kleinere, directe 
korte-termijn beloningen op de ‘temporal discounting’ taak lieten minder afname van 
frustratie-gebaseerde reactieve agressie zien na behandeling. Daarnaast lieten resultaten 
zien dat een slechtere uitkomst op de Columbia Card taak (risico-nemend gedrag) 
gerelateerd was aan minder afname van totale reactieve agressie na het volgen van de ART 
gemeten door ouders. Ook vermindere herkenning van angstige gezichten was geassocieerd 
met minder afname van proactieve agressie na het volgen van ART. In het algeheel kunnen 
we concluderen dat minder goede uitkomsten op emotieherkenning en ‘hot’ (maar 
niet ‘cool’) executieve functies gerelateerd zijn aan slechtere behandeluitkomsten bij 
adolescenten na het volgen van ART. Deze resultaten suggereren dat tekortkomingen in 
neurocognitieve vaardigheden en emotieherkenning een klein deel van de variatie kan 
verklaren (tot 5%) tussen individuen wat betreft behandelrespons op de ART, bij jongeren 
met agressieproblemen. 
Klinische implicaties 
Dit proefschrift laat zien dat proactieve en reactieve agressie met name onderscheiden 
kunnen worden op mate van de ernst van de agressie, in plaats van op kwalitatieve 
verschillen tussen de types. Aanvullend lijkt deze mate van ernst te verschillen binnen 
de ontwikkeling van agressie. Lage tot middelmatige niveaus van reactieve agressie lijken 
meer binnen het ‘normale’ spectrum te vallen op jongere leeftijd, als coping-vaardigheden 
nog niet geheel aangeleerd zijn. Echter, als deze niveaus van agressie niet afnemen 
naarmate een kind ouder wordt, dan zal de agressie meer persistent en ernstiger worden 
op latere leeftijd en richting klinische levels van agressie ontwikkelen. Daarom lijkt het van 
belang dat clinici rekening houden met de de leeftijd van het kind en de ontwikkeling van 
agressief gedrag over tijd, om ernstigere vormen van agressie (eventueel gecombineerd 
met proactieve agressie) te voorkomen. Echter, meer longitudinaal onderzoek zal gedaan 
moeten worden naar de ontwikkeling van agressie over tijd. Daarnaast kan geconcludeerd 
worden dat ART gebruikt kan worden in de klinische praktijk om zowel proactieve- als 
reactieve agressie te verminderen, maar niet om CU-traits te verminderen. Het is wel van 
belang om rekening te blijven houden met individuele verschillen hierin en te bepalen of er 
aanvullende behandeling nodig is. Adolescenten met CU-traits en samengaande agressie 
problemen hebben in ieder geval aanvullende behandeling nodig, zoals samengaande 
ouderbegeleiding en/of empathie training. Daarnaast is het niet alleen van belang voor het 
bepalen van aanvullende behandeling om CU-traits in kaart te brengen, het is ook bekend 
dat CU-traits samengaan met andere ernstige klinische gedragsproblemen. Ook is het 
belangrijk om tekortkomingen in ‘hot’ executieve functies, emotieherkenning en cognitieve 
misinterpretaties vast te stellen voorafgaand aan een behandeling, om deze aanvullend 
te kunnen trainen tijdens de behandeling om danwel proactieve of reactieve agressie te 
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verminderen. In het algemeen kan ART gebruikt worden in een brede groep adolescenten, 
zonder dat er specifieke contra-indicaties worden geobserveerd. Echter, men dient 
voorzichtig te zijn en rekening te houden met jongeren met een lager intelligentieniveau 
en met het mengen van jongeren met zowel mildere als ernstigere niveaus van agressie om 
het optimale behandeleffect te kunnen verkrijgen. Om ernstig agressief gedrag op latere 
leeftijd te voorkomen, lijken meer preventieve interventies voor kinderen en jongeren 
geindiceerd die al eerder op basisscholen gegeven kunnen worden en kinderen betere 
handvaten kunnen geven om meer zelfcontrole, empathische vaardigheden, uiten en 
herkennen van emoties en consequenties van gedrag en beloning op de lange- en korte- 
termijn aan te leren en om ernstig agressief gedrag te voorkomen. 
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Dankwoord
‘It’s the journey which makes the travel’. Het schrijven van een proefschrift voelt als 
een avontuurlijke en bewogen reis, waarin je vele wegen bewandelt en je koers telkens 
verandert. Nu, na een lange reis, is de eindbestemming in zicht. Om die finish te halen heb 
ik heel wat inzicht, doorzettingsvermogen en wijsheid nodig gehad. Zoals mijn oma ooit 
meegaf: ‘Optimisme, realisme en veerkracht heb je nodig om tussen pieken en dalen voort 
te bewegen’. Nooit geweten dat deze wijze woorden ook zo van toepassing zouden zijn op 
een promotie-traject. Ik had de eindbestemming dan ook nooit gehaald zonder de hulp en 
steun van mijn vele mede-reizigers. Waarvoor veel dank. 
Prof. Dr. Jan Buitelaar. Jan, dankjewel voor de kans en het vertrouwen dat je me gegeven 
hebt om dit promotie-traject aan te gaan. Ik weet nog dat je ooit zei dat we waren 
begonnen aan een ‘mission-impossible’ toen bleek dat het vinden van deelnemers nog niet 
zo gemakkelijk was...Gelukkig hebben we de missie als team toch weten te volbrengen, 
resulterend in dit mooie proefschrift. Dankjewel voor je geduld, je onuitputtelijke kennis 
en inzicht, je doelgerichtheid, prettige samenwerking en de vrijheid die je gaf om ook met 
collega-onderzoekers in binnen- en buitenland samen te werken. 
Dr. Nanda Lambregts-Rommelse. Nanda, wat was jij een fijne co-promotor de afgelopen 
jaren. Ik heb enorm veel bewondering voor je: je weet 1000 ballen in de lucht te houden, je 
kennis is onuitputtelijk, je weet de moeilijkste dingen in een handomdraai te vertalen naar 
de klinische praktijk en het beste in iedereen naar boven te halen. Dankjewel voor al je 
kennis, hulp, scherpe inzichten, feedback, maar zeker ook de morele steun en gezelligheid 
de afgelopen jaren. 
Dr. Floor Scheepers. Floor, enorm bedankt voor de fijne en prettige samenwerking. Ik heb 
ontzettend veel van je geleerd: ook jij kunt de moeilijkste vraagstukken altijd heel logisch 
verwoorden en vertalen naar de praktijk, hebt enorm veel kennis van de zorg en weet van 
aanpakken. Ik kwam altijd weer vol energie van onze overleggen terug als je zei ‘niet te veel 
nadenken, ga het gewoon maar doen’. Ik ben je ook enorm dankbaar voor de kansen die 
je me hebt gegeven in het UMC Utrecht en dat mede dankzij jou mijn droom van de GZ-
opleiding uitgekomen is. 
Prof. Dr. Robbert-Jan Verkes. Robbert-Jan, we hebben elkaar vooral langs de zijlijn 
meegemaakt de afgelopen jaren in de gezamenlijke ART-projecten. Dankjewel voor het 
meedenken, je kennis over agressie en voor je feedback op het proefschrift.
Beste Jan, Nanda, Floor en Robbert-Jan, ik hoop dat we elkaar in de toekomst nog blijven 
zien en kunnen blijven samenwerken om de brug tussen onderzoek en de klinische praktijk 
steeds kleiner te kunnen maken.
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Leden van de manuscriptcommissie Prof. Dr. Ron Scholte, Prof. Dr. Jan Derksen, Prof. Dr. 
Walter Matthijs en overige leden van de promotiecommissie, hartelijk dank voor het 
bestuderen van mijn proefschrift en voor het opponeren bij de verdeding. 
De meeste dank ben ik verschuldigd aan alle deelnemers van het ART-project: alle 
leerlingen, ouders en leerkrachten van het LMC. Zonder jullie was dit hele onderzoek 
nooit tot stand gekomen. Dank voor het invullen van de vragenlijsten, het maken van alle 
testen,  meedenken, jullie spontaniteit, humor en inzichten (‘mevrouw, doet u dit werk echt 
vrijwillig?’). Wim en Sobeth, jullie ben ik ook ontzettend veel dank verschuldigd. Fijn dat 
jullie zo flexibel waren als de stagiaires weer met hun laptops de klassen binnen kwamen 
stormen en bedankt voor de hele organisatie eromheen. Ook veel dank aan Marjo, Myrna, 
Tineke en de dames van de administratie!
Lieve Nadine, Hannemieke, Jenny en Carla, jullie ook heel veel dank voor het plannen van 
alle afspraken met alle onmogelijke agenda’s en jullie hulp en steun tijdens mijn promotie! 
Veel dank gaat ook uit naar de vele stagiaires die betrokken waren bij het uitvoeren van 
dit project. Dankjewel voor voor alle tripjes naar Rotterdam, voor het slepen met laptops, 
het invoeren van data, het bellen van ouders en jongeren en voor het afnemen van 
psychologisch onderzoek. 
Ook wil ik mijn collega’s en co-auteurs bedanken voor de prettige samenwerking tijdens 
het schrijven van artikelen, voor de brainstormsessies en voor het opzetten van symposia. 
Met name mijn collega’s van het VUmc /De Bascule wil ik graag bedanken voor de fijne 
samenwerking. Lieve Sanne, Arne, Lucres, Moran, Tijs en Theo, dankjewel dat jullie mij af 
en toe wilden adopteren op jullie afdeling. Ik heb de samenwerking met jullie altijd heel 
prettig gevonden; een perfecte mix tussen deskundigheid, expertise en gezelligheid. Ik hoop 
dat jullie mij in de toekomst nog af en toe willen adopteren binnen jullie onderzoeksgroep. 
Ook mijn collega’s van InZicht en Stichting Werken met Goldstein wil ik graag bedanken 
voor het meedenken en het helpen opzetten van het onderzoek.
Dear James, Stuart and Helma, thank you for your collaboration and for hosting me during 
my visit at the NIMH in Washington. I truly enjoyed the time at your lab and learned so 
much from your expertise, unlimited knowledge and feedback. Many thanks! Ook veel dank 
aan Anouk Scheres, ik heb het erg gewaardeerd dat je de tijd hebt genomen om samen de 
data van de Temporal Discounting taak te analyseren en mee te schrijven aan het artikel. 
Martijn ‘LCA expert’ Lappenschaar, ik ben jou ook enorm veel dank verschuldigd voor je 
onmisbare deskundigheid, geduldige uitleg, humor en hulp! Ook Anouk Leeijen (stagiaire 
van het eerste uur), Mariette van der Molen, Lisa Cornet, Suzanne Brugman, Danique 
Smeijers, Katy de Kogel en Jill Lobbestael wil ik bedanken voor de prettige samenwerking. 
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Mijn lieve onderzoeks-collega’s van Karakter (a.k.a. ‘het kippenhok’) verdienen ook een 
hele grote ‘thank you’. Mijn promotie zou nooit zo tof zijn geweest zonder jullie. Dankjewel 
voor de onstane vriendschappen, het leren drinken van koffie, de leuke brainstorm-
momenten, voor het samen vieren van geaccepteerde artikelen, het samen balen van 
alwéér commentaar van reviewers, voor borrels, etentjes, morele support bij  praatjes op 
de allerleukste congressen en uiteraard ook voor het samen genieten van de bijbehorende 
tripjes (van dansjes in Madrid tot aan een roadtrip naar de Grand Canyon). Ik hoop dat 
we nog lang contact blijven houden en een groot succes maken van onze nieuwe ‘diner-
rouler’-traditie! Ook mijn mede-onderzoekscollega’s van de afdeling psychiatrie van het 
Radboud UMC en Donders Institute wil ik bedanken voor de fijne samenwerking. 
Lieve Mir&Mir, paranimfen to the max! Met jullie aan mijn zijde moet de verdediging wel 
goed komen en laten we onze koffie- en dinnerdates er nog lang inhouden!
Het was een hele klus om het staartje van mijn promotie te combineren met de start van de 
GZ-opleiding in het UMC Utrecht. Ik wil mijn collega’s van de afdeling psychiatrie dan ook 
heel erg bedanken voor hun betrokkenheid en steun. En in het bijzonder Astrid, heel erg 
bedankt dat je me de ruimte hebt gegeven om mijn klinische uren te kunnen combineren 
met mijn onderzoeksuren en bedankt voor je geduld als ik weer zei ‘het is echt biijnaaa 
klaar, nu écht de laatste feedback verwerken’.
Ook mijn lieve GZ-genootjes van groep GZ16i, de leukste groep natuurlijk, heel erg bedankt 
voor jullie steun het afgelopen jaar en voor de fijne afleiding met gezellige etentjes, borrels 
en weekendje weg. Na de GZ-opleiding ben ik een expert in afhaalmaaltijden bestellen, 
altijd handig. 
En dan mijn lieve, lieve vrienden: Audrey, Anouk, Elles, Fabi, Joan, Loes, Marthe, Meike 
en Valerie. Ik besef dat ik in mijn handjes mag knijpen met jullie. Ik ben jullie heel erg 
dankbaar voor jullie onwijze steun en fijne momenten samen waarin we veel kunnen 
lachen en huilen, dansen en borrelen, ‘english speaken’ en de wereld verkennen. Ook lieve 
Jesper en Lotte, Ania, de allerliefste Delftse crew, tuupen van het Sophianum en mijn New-
Zealand kiwi-friends from all over the world, thank you for being there!!
Lieve Wijnand, Tiny en Mariska, jullie ook bedankt voor de steun en welkome afleiding 
tijdens het schrijven van mijn proefschrift. 
Lieve Rob en Sem, jullie horen ook bij de Smeetskes natuurlijk. Ook een big thanks voor 
jullie, dankjewel voor alle steun en fijne momenten samen. En natuurlijk ook mijn nichtjes 
Lieven en Camie, de leukste en liefste van allemaal, dankjewel voor jullie onbevangenheid 
en levenswijsheid (vaak wijzer dan jullie tante). Met jullie samen zijn is altijd een feest!
187
A
Lieve Rutger, Onne en Mirthe, mijn lieve grote broer en zussen. You mean the world to 
me... Een viertal voor altijd. Dankjewel voor alles. Zonder jullie zou ik nu niet zijn wie ik ben. 
Bedankt voor het verbreden van mijn horizon, alle ontelbare fijne momenten samen (die 
we nu zo koesteren) en voor jullie onvoorwaardelijke steun en warmte. Lieve, lieve Rutger, 
jouw gemis is niet te beschrijven, niet te beseffen en elke dag zó ontzettend voelbaar... We 
zijn supertrots op jou! Ik weet dat jij ook supertrots op ons bent en als trotse, grote broer 
toekijkt vandaag. Je bent voor altijd in ons hart… 
Lieve pap en mam, ik durf wel te zeggen jullie áltijd, maar dan ook áltijd voor ons klaar 
staan en er voor ons zijn... Ik kan mij geen betere ouders voorstellen. Dankjewel voor jullie 
onvoorwaardelijke steun, liefde, begrip, veilige haven, warmte, lekkerste etentjes met z’n 
allen aan de lange tafel, mooiste wandelingen in het Heuvelland en dankjewel voor jullie 
kracht. Ik (en met mij vele anderen) heb ontzettend veel bewondering voor jullie en hoe 
jullie samen sterk staan. Weet dat mijn dankbaarheid veel verder reikt dan de woorden die 
ik eraan kan geven. 
Lieve Paul, dankjewel dat je er altijd voor me bent, in good times, maar zeker ook in de 
bad times. Ik ben er van overtuigd dat we het beste in elkaar naar boven halen en een 
goede aanvulling zijn waar nodig. Dankje voor al je motiverende peptalks, voor onze 
romantische matlab- of statistiek dates, schoppen onder m’n kont, voor de theetjes die 
je kwam brengen terwijl ik weer hard aan het typen was, onze heerlijke reizen met (of 
zonder) busje onderweg naar niemandsland, en het delen van onze Bourgondische roots. 
Thank you for being there. En ein-de-lijk mag je dan je vraag stellen waar je zó lang op hebt 
moeten wachten en kan ik hem nog beantwoorden ook: ‘Is er hier misschien een dokter in 
de zaal?’ Nou, Yes! Dr. Smeets it is!
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For a successful research Institute, it is vital to train the next generation of young scientists. To achieve 
this goal, the Donders Institute for Brain, Cognition and Behaviour established the Donders Graduate 
School for Cognitive Neuroscience (DGCN), which was officially recognised as a national graduate school 
in 2009. The Graduate School covers training at both Master’s and PhD level and provides an excellent 
educational context fully aligned with the research programme of the Donders Institute. 
 The school successfully attracts highly talented national and international students in biology, 
physics, psycholinguistics, psychology, behavioral science, medicine and related disciplines. Selective 
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 The DGCN tracks the career of PhD graduates carefully. More than 50% of PhD alumni show a 
continuation in academia with postdoc positions at top institutes worldwide, e.g. Stanford University, 
University of Oxford, University of Cambridge, UCL London, MPI Leipzig, Hanyang University in South 
Korea, NTNU Norway, University of Illinois, North Western University, Northeastern University in Boston, 
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specialists in a medical environment, mainly in genetics, geriatrics, psychiatry and neurology. Specialists 
in a psychological environment, e.g. as specialist in neuropsychology, psychological diagnostics or 
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as research consultants, analysts or head of research and development. Fewer graduates  stay in a 
research environment as lab coordinators, technical support or policy advisors. Upcoming possibilities 
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